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INTRODUCTION 
The effectiveness of foliar applied herbicides depends on the 
foliar penetration and translocation of the herbicide. The primary 
barrier to herbicide penetration is the leaf cuticle which Is present 
in all aerial parts of higher plants thus acting as a protective layer 
(Kolattukudy, 1970). Plant processes that take place at the surface of 
the leaf such as leaf wettability, herbicide penetration, fungal 
Infection, and water loss due to transpiration are greatly Influenced 
by the cuticle. 
The cuticle is noncellular, nonliving, often multllayered, 
lipoidal, and heterogeneous in chemical composition. It Is composed of 
wax embedded within, and extruding from the surface of a spongy 
framework of cutin. The cuticle is composed of two layers, the inner 
layer of cutin and the outer layer of eplcuticular wax (ECW). The term 
wax is used to denote a class of substances which qualitatively have 
certain physical properties, such as plasticity, in common, rather than 
to define a precise chemical entity. The chemical composition, 
structure and amount of ECW deposited are affected by the environment 
in which the plant develops at the time of ECW deposition. Some of the 
environmental factors that affect ECW deposition are air temperature, 
moisture stress, radiation energy, relative humidity, air pollutants 
and soil applied pesticides (Baker, 1974; Giese, 1975). 
The ECW is more Important than all other cuticle components in 
determining the interactions between a herbicide and the plant; due to 
2 
Its nature, polar compounds penetrate the ECU less readily than 
nonpolar compounds. 
An Increase In the amount of ECW on the leaves Is likely to reduce 
penetration of herbicides (Sherrick et al., 1986). Changes in the 
chemistry also affect penetration, generally surfaces rich in nonpolar 
groups (-CH3) are difficult to wet while those rich in hydrophilic 
groups (-0H and -COOH) are easily wetted (Leon and Bukovac, 1978). 
However, the detrimental effect of the ECW can be overcome by the 
addition of additives to the herbicide. 
The objectives of this study were to determine the effect of 
temperature, drought stress and radiation on the quantity and chemical 
composition of the ECW formed on velvetleaf fAbutilon theoohrasti 
Medic.) and giant foxtail (Setaria faberi Herr.) leaves. Further, the 
relationship between changes in the ECW and the penetration of bentazon 
[3-(1-methylethyl)-(IH)-2,1,3-benzothiadiazin-4(3H)-one 2,2-dioxide], 
fluazifop-P [(R)-2-[4-[[5-(trifluoromethyl)-2-pyrinidyl]] oxy]phenoxy] 
propanoic acid] and acifluorfen (5-[2-chloro-4-(trifluoromethyl) 
phenoxy]-2-nitrobenzoic acid) in response to liquid nitrogen (28% N) 
and crop oil concentrate (CGC) as additives was evaluated. 
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LITERATURE REVIEW 
Environment and Eplcutlcular Wax Modifications 
ECW modifies the Interactions between the environment and the 
plant. Plant genetics, as modified by the environment, Influences ECW 
chemical composition (Glese,1975; Baker, 1974; Haas, 1977; Wilkinson, 
1972; Wilkinson and Kasperbauer, 1972), amount of wax formed (Baker, 
1974; Bengtson et al., 1978; Jordan et al., 1983) and wax morphology 
(Whltecross and Armstrong, 1972; Reed and Tukey, 1982). Environmental 
factors responsible for these changes Include radiation, air 
temperature, moisture stress, photoperlod and relative humidity. 
Eff^ çt 9n V4X shemical cpmppsitipn 
The most common plant wax components are hydrocarbons, wax esters, 
free fatty acids and fatty alcohols, ketones, secondary alcohols, 
dlols, aldehydes, terpenes and flavones (Kolattukudy, 1970). The fatty 
acids, primary alcohols and aldehydes generally contain an even number 
of carbon atoms, whereas the alkanes, ketones, and secondary alcohols 
contain an odd number. The acids and alcohols may be found free or 
combined as esters. The relative amount of each of these components 
varies according to the plant species and the environmental factors 
present at the time of their synthesis. However, variations are most 
evident when comparing plants exposed to widely different environments 
(Baker, 1974). ECW components have also been found to vary according 
to the cultlvar or variety of plant, even when grown under the same 
4 
environmental conditions (Bengston et al., 1978). 
The Influence of environment on ECW chemical composition has been 
examined for a limited number of species but the effect appears to be 
different for each species. Wilkinson and Kasperbauer (1980) reported 
no effect of radiation on wax chemical composition of tobacco leaves 
(Nlcotlana tabacum L.). However, In brussel sprouts (Brasslca oleracea 
L. var. gemmlfera) radiant energy rate of 80 W m'^  stimulated the 
formation of ketones and low radiation of 38 W m'^  markedly reduced the 
quantity of alkanes (Baker, 1974). In conditions of total darkness or 
16 hours of light, Glese (1975) found that hydrocarbons, aldehydes, 
alcohols, esters and free fatty acids formed In barley (Hordeum vulfare 
L.) leaves were nearly the same regardless of light regime. The 
primary alcohols were the major constituents (83%) of the wax, with 10% 
composed of free fatty acids, 0.5% hydrocarbons, 1% aldehydes and 5% 
esters. This Indicates that light Induced reactions are not Involved 
In the mechanisms regulating the relative amounts of each ECW chemical 
class. 
Within a particular ECW class, changes In chain length components 
have been observed. In slcklepod (Cassia obtusifolla L.) a C31 
hydrocarbon Increased from 4.5% to 11.7% of the total hydrocarbons 
present, when the photoperlod was decreased from 16 to 12 hours 
(Wilkinson, 1972). The effect of temperature and photoperlod on barley 
was examined by Glese (1975); she noted that the chain length 
distribution varied even though the proportion of the constituents 
remained the same. In light grown leaves, the hydrocarbons with chain 
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lengths of C29, C^ x and C33 comprised 62% of the total hydrocarbons; 
homologues of chain lengths of Cig, and C^ g summed 20% of the total 
hydrocarbons formed under the light. When leaves were grown in the 
dark, a shift occurred in the homologues of hydrocarbons formed with 
C21, C23 and C25 summing 46% of the total hydrocarbons present. 
Wilkinson (1974) showed that longer photoperiod caused an increase of 
fatty acids in the ECW. Total ECW hydrocarbon content demonstrated a 
similar trend as fatty acids, with minimal content at 10 hours and a 
progressive increase at 12, 14 and 16 hours of light. 
The alkane and fatty acid content on leaves of genetically uniform 
tobacco plants decreased under long photoperiod at 18 C but increased 
if the temperature was increased to 28 C. Fatty alcohol demonstrated a 
reverse response (Wilkinson and Kasperbauer, 1980). Alkane chain 
length also follows the same pattern; and C33 deposition 
significantly increased under long photoperiod of 16 hours when 
compared to 8 hours (Wilkinson, 1972). Alkane content of tobacco 
leaves also increased at 28 C and under long photoperiod (Wilkinson and 
Kasperbauer, 1972). 
Temperature affects most plant processes. The chain length 
composition of hydrocarbons and free fatty acids was influenced by a 
change in temperature. However, little influence was found in the 
composition of aldehydes and free or esterified primary alcohols 
(Giese, 1975). Baker (1974) demonstrated that plants grown at 15 C 
have a higher content of alkanes and a lower content of aldehydes when 
compared to plants grown at 35 C. However, a change in temperature 
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from 18 C to 28 C completely stopped aldehyde formation In Ivyleaf 
fHedera helix L.) ECW (Haas, 1977). 
The alkane content on tobacco leaves also Increased with a 
decrease In temperature (Wilkinson and Kasperbauer, 1972). However, in 
apple leaves (Malus domestica Borkh.) the alkane content increased as 
temperature increased (Darnell and Ferree, 1983) indicating that plant 
species may respond differently to temperature. Higher temperatures 
resulted in a reduction of alkanes and fatty acid content under a short 
photoperiod, but under a long photoperiod, alkanes and fatty acid 
content were higher at 28 C than at 18 C (Wilkinson and Kasperbauer, 
1980). 
Wax chemical composition is also affected by variations in the 
relative humidity. A rise in relative humidity from 40% to 98% 
decreased the relative proportions of ketones and increased aldehyde 
content in brussel sprouts (Baker, 1974). 
Some plants growing under drought conditions or in soil treated 
with herbicides demonstrate a change in ECW chemical composition. A 
decrease in soil water potential increased the proportions of alkanes 
and wax esters on apple leaves (Darnell and Ferree, 1983). However, 
changes induced by drought seem to be species and variety specific. In 
six oat varieties (Avena sativa L.) grown under drought conditions, the 
alkanes decreased in three varieties, but increased in the other three 
varieties. Similarly, fatty acid content also increased in four 
varieties but decreased in the other two. Only primary alcohols were 
found to increase in all six varieties tested when plants were grown 
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under drought conditions (Bengston et al., 1978). Sicklepod growing in 
soil treated with the herbicide vernolate (S-dipropylthiocarbamate) had 
40% less fatty alcohols and hydrocarbons, compared to plants growing in 
soil free of the herbicide (Sherman et al., 1983). 
Some weed species have ecotypes which are adapted to locations 
with different environments. Wilkinson (1980) collected six 
taxonomically identical ecotypes of saltcedar (Tamarix pentandra Fall.) 
and grew them in the same location under similar environmental 
conditions. These ecotypes had shown a variation in response to 
postemergence application of phenoxy herbicides. All six ecotypes, 
even though they were grown under the same conditions, exhibited a 
variation in fatty acids and alkane content. These variations likely 
explained the differential response to postemergence phenoxy herbicides 
observed in the field. 
Effect on eolcuticular wax quantity 
The amount of ECW deposited on plant leaves in response to the 
environment has a more clear-cut trend than the effect of the 
environment on ECW chemical composition. Light grown barley plants 
have been shown to produce 2.5 times more ECW (15 /ig cm'^ ) when 
compared to dark grown plants (6 /xg cm'^ ) (Giese, 1975). Whitecross 
and Armstrong (1972) utilized three light levels superimposed on three 
temperature regimes in field rape (Brassica nanus L.). At any one 
temperature, ECW deposition was reduced with reductions in radiation. 
Similar results were obtained by Baker (1974) for Brasslca oleracea 
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var. gemmlfera; he reported that a radiant energy rate of 80 W 
produced more ECW than radiant rate of 38 W m'^ . This stimulatory 
effect of radiant energy rate on wax deposition was independent of 
temperature, but there were Indications that it was influenced by 
changes in relative humidity. 
Long photoperlod Induce the production of more ECW on tobacco 
leaves compared to plants grown under short photoperlod. This was 
likely the result of higher radiation level received by the leaves. 
However, when the temperature was increased from 18 C to 28 C, 
photoperlod did not increase ECW production (Wilkinson and Kasperbauer, 
1980). This response was assumed to be due to the fact that higher 
temperature generally produce less ECW, offsetting the effect of the 
long photoperlod. 
Baker (1974) showed that Increases in temperature caused a 
decrease in the amount of ECW formed on brussel sprout. Smaller 
quantities of ECW were formed at 35 C than at either 15 or 21 C. The 
same temperature response has been reported in several species; Haas 
(1977) found than more ECW was produced under 18 C than at 28 C on 
Ivyleaf leaves. The Increase varied from 2.7 to 4.9 times depending on 
leaf position, with a higher Increase observed on the older leaves. In 
field rape, Whitecross and Armstrong (1972) found a tendency for more 
wax to be produced with lower temperatures. However, in carnation 
(Planthus carvophvllus L.), the opposite was true (Reed and Tukey, 
1982). Carnation plants grown at 25 C showed an Increase of up to 66% 
in ECW deposited on leaves, when compared with plants grown at 15 C. 
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Darnell and Ferree (1983) used temperatures of 20 and 25 C to grow 
apples. No significant effect was observed on the amount of ECW formed 
on the leaves. They concluded that temperature effects on ECW 
deposition are species dependent; however the two temperature regimes 
used are so close that the effect was not expressed or detectable. 
Â decrease In relative humidity has a stimulatory effect on the 
production of ECU on brussel sprouts. Â relative humidity of 40% 
resulted In the greatest ECW deposition, when compared to 70% and 98% 
relative humidity when all plants were grown at 21 C temperature 
(Baker, 1974). 
Drought stress Is the environmental parameter studied that gives 
the least conflicting results. Generally, a decrease in soil water 
content results in an Increase in ECW deposition. A significant 38% 
increase in ECW deposition on apples was observed in plants, grown in 
soil moisture at -33 KPa compared to -13 KPa (Darnell and Ferree, 
1983). Drought conditions produced an Increase in ECW formation on six 
oats varieties. This Increase was statistically significant on four of 
the six varieties tested (Bengtson et al., 1978). 
Besides environmental conditions affecting ECW deposition, the 
surface of origin also determines ECW deposition. Usually more ECW is 
formed on the adaxial than on the abaxlal surface. White clover 
(Trifolium repens L.) leaves have almost three times as much wax per 
unit area on the adaxial leaf surface as on the corresponding abaxlal 
surface (Baker and Hunt, 1981). 
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Effect on eplcutlcular wax morphology 
Plant waxes are organized as crystalline structures Independent of 
the cell or the cuticle. The most pronounced difference in wax 
structure occurs as a result of a change in temperature during leaf 
development. Baker (1974), working with brussel sprouts grown at 15, 
21 and 35 G, found that at 15 C the ECW developed entirely in the form 
of hollow tubes projecting from the leaf surface and were often fused 
in bundles. When the temperature was raised to 21 C the wax formed as 
tubes and dendrites arranged on top of the tubes. Tubes were not 
formed in plants grown at 35 C, and the surface was covered by very 
large dendrites lying immediately over the cuticular membrane. As the 
temperature increased, there was a tendency for waxes to develop over, 
rather than to project from the surface of the cuticle (Baker, 1974). 
Reed and Tukey (1982) found the same results working with brussel 
sprouts. In field rape, single upright rodlets of ECW formed on leaves 
grown at a day temperature of 15 C and changed to a pattern of flat, 
overlapping dendritic platelets when leaves were grown at 21 C to 27 C 
(Whitecross and Armstrong, 1972). 
Studies in other plants by Armstrong and Whitecross (1976) showed 
that wax rodlets were formed at low temperatures of 10 to 15 C and 
platelet formation was inhibited. Plants at 19/24 C had complex 
branched platelets and wax rods were formed in very small quantities. 
Extreme temperatures of 31/36 C produced an almost solid wax platform 
formed by the fusion of primary and secondary branches of the 
platelets. 
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Glaucousness in leaves Is related to wax morphology. A glaucous 
plant has a visible waxy 'bloom' and is grey or bluish grey in color, 
in contrast to green nonglaucous plants (Tulloch, 1976). The glaucous 
surface is well covered by random wax deposits which grow outward 
whereas wax on a nonglaucous plant surface lies flat and usually has a 
well defined orientation. The glaucous appearance is due to greater 
light scattering by the waxy projections (Hall et al., 1965). Netting 
and Wettstein-Knowles (1973) found that in wild wheat (Triticum 
aestivum L.) having a glaucous appearance, the ECW had an increased 
proportion of wax tubes ; however, nonglaucous plants had a dense 
covering of wax platelets. 
The limited rate of wax deposition at low rates of radiant energy 
can also alter the morphology of the ECW. Hallam (1970) used screens 
to shade eucalyptus (Eucalyptus spp.) leaves and observed that the form 
and distribution of the wax deposits changed when radiant energy rates 
fell below 20% of full sunlight. The sparse crystalline arrangement 
formed at low radiation (1-2% of full sunlight) lacked the complex 
branching pattern characteristic of the deposits present on unshaded 
plants. 
For some species, humidity influences wax structures by modifying 
the effect of the other environmental factors, particularly light and 
temperature. In general, at very high humidity (98%) smaller amounts 
of wax are deposited and they appear as ribbon-like projections on the 
leaf surface. At lower humidity (40%) ECW crystallizes in the form of 
long hollow tubes which branch to form dendrites (Baker, 1974). 
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Air pollutants can affect wax morphology on plant leaves. Riding 
and Percy (1985) found that ECW from pine trees (Plnus strobus L.) 
grown In the laboratory and the field was composed of fine rodlets. 
However, field plants subjected to pollutants (SO2) had rodlets fused 
at the tips, giving an Irregular appearance to the ECW. 
The change in wax morphology Is also attributed to the composition 
of the wax exudates. The morphology of waxes composed of a single or 
dominant constituent Is very uniform, and many workers have proposed 
relationships of chemical composition versus ECW morphology. Lundqvlst 
et al. (1968), based on observations of ECW of leaf and leaf-sheath of 
cereals, proposed that primary alcohols crystallize as plates and &-
dlketones as thin tubes. However, when ECW Is composed of a mixture of 
different chemical classes, the formations are more difficult to 
categorize. The surface characteristics of eucalyptus leaves are 
variable. Many species have complex formations of tubes composed 
largely of &-dlketones, whereas other species rich in primary alcohols 
are covered by a closely packed arrangement of wax plates (Baker, 
1982). 
Aldehydes rarely occur as major wax constituents; however, their 
presence in ECW mixtures correlates closely with the production of rod 
structures (Baker, 1982). Waxes rich in ketones form tubes on leaves 
of Brasslca spp. (Wettsteln-Knowles, 1974). Waxes of peas fPisvun 
sativun L.), which are very rich in hydrocarbons, crystallize as a 
composite of filaments and crenulate rodlets (Baker, 1982). The 
remaining wax classes occur mainly as minor constituents in mixtures, 
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and consequently their effect on ECW morphology Is difficult to 
determine. 
Epicuticular Wax and Leaf Wettability 
The retention and penetration of herbicides through a leaf surface 
Is a function of the physical and chemical characteristics of the leaf 
surface, the herbicide solution composition and the interactions among 
them. The ECW Is one of the most important components of the cuticle 
affecting foliar retention and penetration of herbicides. Changes in 
ECW chemistry, morphology and quantity due to environmental conditions 
may be responsible for some of the unsatisfactory results obtained with 
foliar applied herbicides. The chemical composition of surface wax 
alters leaf wettability because each chemical class Interacts 
differently with aqueous sprays. Sherman et al. (1983) found that 
slcklepod susceptibility to postemergence herbicide applications was 
Increased when the herbicides were applied following vernolate. 
Furthermore, an analysis of the ECW chemical composition showed that 
plants grown in soil treated with vernolate had a decrease in content 
of fatty alcohols and hydrocarbons when compared to plants growing 
without vernolate. However, no difference was found in total ECW 
deposition, indicating that a shift in the ECW components must have 
occurred. They stated that if some fatty alcohols in the vernolate 
treated slcklepod were converted to ketones and aldehydes, then the 
abundance of oxygen binding sites in the cuticle would have been 
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Increased, thus giving the cuticle a more hydrophilic nature, resulting 
in increased penetration of the postemergence herbicides. Generally 
surfaces rich in nonpolar groups (-CH3) are difficult to wet while 
those rich in hydrophilic groups (-0H and -COOH) are easily wetted 
(Leon and Bukovac, 1978). 
Spray retention is directly related to leaf wettability. More 
spray is retained on the leaf with an increase in leaf wettability. 
The wettability is most conveniently measured by means of contact 
angles, which give an inverse measurement of the adhesion between a 
solid and a liquid. A zero angle, although in practice never obtained, 
would indicate a completely wettable surface and any angle up to 180° 
indicates a degree of unwettability. The contact angle is defined as 
the angle between the surface of a leaf and the tangent plane of a 
water droplet at the circle of contact between the air, liquid and the 
leaf surface (Martin and Juniper, 1970). The angle measured is that of 
a droplet at rest on a level surface immediately after application. 
Leaves with a low contact angle are easily wetted, whereas leaves with 
a large contact angle are difficult to wet and water droplets are 
deposited with great difficulty (Rentschler, 1971). Other factors 
affect the magnitude of the contact angle ; among these the macro and 
microroughness of the surface are important. Holloway (1969) found 
that the differences in the wettability of the leaves could not totally 
be explained by differences in the physical, chemical and hydrophobic 
properties of the waxes isolated from the leaves and he attributed the 
surface roughness as responsible for contact angles greater than 110°. 
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Leaf glaucousness also has an effect on the droplet contact angle 
of a leaf. Netting and Wettsteln-Knowles (1973) In a study of wheat 
(Trltlcum vulgare L.) and mutant lines with reduced glaucousness found 
that in the glaucous types, the contact angle was larger and leaves 
were more difficult to wet. Hall et al. (1965) reported similar 
results with cabbage (Brassica oleracea L.). The contact angles of 
water droplets on glaucous cabbage leaves were over 150°; however, in 
nonglaucous leaves the contact angle was 111°. Ecotypic variation in 
leaf glaucousness has been found in Eucalyptus spp. Plants growing at 
elevations of 2000 feet are nonglaucous, however plants found at 
elevations of 3200 and 2300 feet are glaucous and intermediate in 
glaucousness, respectively. The contact angles measured on the leaves 
were 100°, 114° and 141° in the nonglaucous, intermediate and glaucous 
ecotypes, respectively (Hall et al., 1965). 
Removing the ECW from leaves with chemicals or by physical means 
decreases the contact angle consequently increasing leaf wettability 
and cuticle permeability. Holloway (1969), using 29 plant species with 
ECW classified as hydrophobic and having a contact angle over 90°, 
showed that ECW removal with chloroform invariably reduced the contact 
angle by 20-40%, thus increasing leaf wettability. The largest 
reductions were observed on species where the droplet contact angle 
exhibited was over 120°. In approximately half of the species, the 
removal of the ECW increased the droplet contact angle making leaves 
more difficult to wet. No explanation was given for this behavior. 
However, Bukovac et al. (1971) also found that removing the ECW on 
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tomato (Lvcoperslcon esculentum L.) leaves Increased the droplet 
contact angle. Further extraction of cutlcular wax decreased the angle 
to a level similar to cuticles with intact EGW. Two reasons were given 
for this; the surface structure of the EGW may Influence the droplet 
contact angle or the decrease in droplet contact angle is a consequence 
of the exposure of hydrophobic chemical groups to the droplet following 
wax removal. Droplet contact angles can be different for the adaxial 
and abaxial surfaces. Leon and Bukovac (1978) found that olive (Plea 
europea L.) leaves have contact angles of 106° and 125° for the adaxial 
and abaxial surfaces, respectively. 
Plant surfaces range through the complete spectrum from being 
highly water repellent to actively absorbing liquid water or water 
vapor. Holloway (1969) measured the droplet contact angles of 15 plant 
species and found a complete range from the most wettable leaf studied 
with a contact angle of 39° (Rumex obtuslfolius L.) to the least 
wettable with a contact angle of 170° (Eucalyptus spp.). Furthermore, 
in order to determine the separate contribution made by each ECW 
component on the hydrophobic properties of the leaf surface, Holloway 
(1969) examined the wettability of several classes of ECW components 
Isolated from leaf surface waxes. Alkanes were the most hydrophobic 
components having a contact angle of 107-108° while esters, ketones and 
secondary alcohols had contact angles of 103-105°. The most wettable 
constituents were the primary alcohols which had a droplet contact 
angle of 94-95° and the fatty acids with 101-102°. The range of angles 
measured on leaf surfaces was much wider than the range measured on 
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smooth films of their Isolated waxes. Therefore, differences In the 
hydrophobic properties of ECW, which In turn reflect differences In 
chemical composition, cannot satisfactorily account for the 
considerable variation of leaf wettability. Droplet contact angles 
measured on smooth films of the Isolated waxes accounted for about 60% 
of the angle measured on the leaf surface. Thus, additional factors, 
such as surface roughness, may also Influence leaf wettability. 
The variation In wettability between classes probably results from 
different arrangements of chemical groups at the surface. An ester, a 
ketone or an alcohol group substituted within the alkane chain reduces 
the contact angle by 3-4°, whereas a terminally substituted carboxyllc 
or alcohol group reduces the contact angle by 7° and 14°, respectively. 
Therefore, wettability Increases with Increasing size and number of 
substitution groups in the carbon chains and terminal substitution has 
a greater effect than substitution within the chain (Martin and 
Juniper, 1970). 
Baker and Bukovac (1971) plated ECW from several plant species on 
an artificial membrane and measured water permeability. Permeability 
was different for each species. ECW from peas fPisum sativum L.), 
common lambsquarter (Chenopoditun album L.) and plantain fPlantaeo ma^ or 
L.) were the least peirmeable. An analysis of the different components 
showed that their ECW were characterized by high quantities of 
hydrocarbons, acidic triterpenoids, long chain ketones and aldehydes. 
The ECW from dock (Rumex obtusifolia L.), chlckweed (Stellarla Qââlâ 
L.) and forget-me-not [Myosotis arvensis (L.) Hill] were more 
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permeable. In these three species, the ECW was low In hydrocarbons but 
had high concentrations of esters and primary alcohols. 
Glaucous wheat plants have been reported as having Increased 
proportions of &-dlketones and hydroxy diketones which result In a 
large droplet contact angle (Netting and Wettsteln-Knowles, 1973). 
However, Holloway (1969) reported that trlterpenolds are found In waxes 
from highly water repellent leaves such as Eucalyptus globulus 
(contact angle 170°), as well as more wettable leaves of Svrlnya 
vulgaris L. (contact angle 70-90°). Thus he concluded that there Is no 
apparent relationship between the droplet contact angle measured on a 
leaf surface and the chemical composition of the ECW. 
The quantity of ECW deposited on the leaf surface Is not critical 
to herbicide penetration, provided that the entire surface Is covered. 
A single molecular layer of ECW Is sufficient to markedly reduce leaf 
wetting (Baker and Bukovac, 1971). Penetration of 2,4-D [(2,4-
dlchlorophenoxy) acetic acid] in 10 plant species Increased following 
wax removal, but there was no correlation between wax content and the 
magnitude of the Increase. This suggested that the qualitative 
chemical composition of the cuticle may be more important in regulating 
permeability to 2,4-D than the quantity present (Norris, 1974). This 
is in agreement with Wilkinson (1980); he found that six ecotypes of 
saltcedar which varied in resistance to phenoxy herbicides showed a 
marked difference in fatty acid and alkane content. He attributed the 
observed resistances to these differences. The alkanes have been found 
to be the most hydrophobic ECW component. 
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Wax In the form of flattened plates, produced a surface which was 
considerably more wettable than a surface with projections (Hull et 
al., 1982). Water repellency was greatest when the wax had a rough 
surface in the form of projecting rods with a crystalline or 
semicrystalline structure. Projecting rods entrap air and prevents 
intimate contact between the droplet and the leaf surface. Sargent 
(1966) pointed out that the nature of surface projections made little 
difference in the water repellency of the surface provided the 
projections were below a certain size. The wettability of a leaf 
surface, however, does not necessarily indicate the amount of spray 
that the leaf is capable of retaining, because leaf wettability does 
not account for the leaf size or posture which may influence herbicide 
retention. Rentschler (1971) examined 23 plant species and concluded 
that no relationship existed between the type of wax structure and 
wettability. However, she observed that wax did not adhere strongly to 
the outer cuticular layer and was cast off in older leaves. Therefore 
leaf age may alter leaf wettability. 
Although ECW quality, quantity and structure can affect the 
contact angle of a droplet and subsequently, herbicide penetration, it 
seems that all of these factors likely interact to some degree. The 
final leaf wettability being a result of these components Interacting. 
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Relationship of Herbicide Uptake and Eplcutlcular Wax 
The penetration of a herbicide applied to a leaf requires two 
conditions to be filled. First, the applied solution should remain on 
the leaf and second, the herbicide should remain In an available form 
long enough to be absorbed by the plant (Sargent, 1966). 
Fostemergence herbicide performance Is variable, providing excellent 
weed control at times and failure at others. Environmental factors 
that affect plant growth and ECW formation before the herbicide 
application, have been correlated to this variable control (Ahmadl et 
al., 1980; Dortenzlo and Norrls, 1980; Wyrlll and Bumslde, 1976). 
Therefore adjuvants are added to the spray solution to help penetration 
of the barrier presented by the ECW. 
Environmental conditions before, during and after herbicide 
application can have a profound influence on postemergence herbicide 
performance. Considerable research has been devoted to characterize 
those conditions which are found after a herbicide application and how 
they may Influence herbicidal activity. However, the environmental 
conditions during plant development determine many leaf characteristics 
which may Influence herbicide deposition and subsequent penetration. 
Some of these characteristics are leaf size, thickness, succulency, 
composition and ECW formation (Sherrlck et al., 1986), plant size 
(Templeton and Hurtt, 1972) and surface trichomes (Hull et al., 1974). 
ECW is the first barrier to penetration of a herbicide and can 
Inhibit absorption. Radiation, relative humidity, drought and 
temperature have been found to alter ECW and consequently affect 
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herbicide penetration (Sherrlck et al., 1986; Wyrlll and Burnslde, 1976 
and Ahmadl et al., 1980). 
Changes In radiation and humidity during plant development have 
been found to cause a significant reduction In glyphosate absorption In 
field bindweed fConvolvulus arvensls L.). Plants growing under high 
light conditions and low relative humidity had almost three times the 
amount of ECW as plants growing under low light and high relative 
humidity. The ECW was 29.3 ng cm'^  and 11.6 ftg cm~^  respectively. In 
fully expanded leaves. The plants with higher ECW were more resistant 
to glyphosate penetration; they absorbed 9% of the herbicide, compared 
to 21% absorbed by plants with low ECW content (Sherrlck et al., 1986). 
Common milkweed (Ascleplas svrlaca L.) and hemp dogbane (Aoocvnum 
cannablnum L.) are two perennial weeds that differ in susceptibility to 
glyphosate ([B-(phosphonomethyl) glycine]} and 2,4-D. Wyrlll and 
Burnslde (1976) found that glyphosate was absorbed less than 2,4-D in 
both species and that the absorption of both herbicides was greater in 
common milkweed. Hemp dogbane had 2.8 times more ECW and 1.6 times 
thicker cuticle than milkweed. Removal of the ECW with chloroform 
increased penetration of 2,4-D, but had little effect on glyphosate. 
Droplet contact angles of hemp dogbane were 141° and 139° for the 
adaxial and abaxlal leaf surface; however, for common milkweed the 
droplet contact angles were 98° and 130° respectively. The greater 
herbicide absorption by common milkweed was attributed to less ECW, 
lower contact angle of the herbicide spray and the presence of stomata 
and trichomes on the adaxial leaf surface. 
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Soil moisture stress (drought) and resulting effects on 
postemergence herbicide penetration have been very well documented. A 
reduction in herbicide absorption and translocation has been observed 
in plants growing in soils under drought conditions (Ahmadl et al., 
1980; West et al., 1980). Ahmadi et al. (1980), found that the 
herbicide treatments were less effective on bamyardgrass f Echinochloa 
crus-galli (L.) Beauv.] at soil moisture levels below field capacity. 
Glyphosate absorption was 15-20% of the total applied herbicide when 
plants were growing in 10% soil moisture (-37 bars). Absorption was 
increased to 45-62% when plants were grown at 40% soil moisture content 
(-1/8 bars). 
Dichlofop {(±)-2-[4-(2,4-dichlorphenoxy) phenoxy] propanoic acid) 
controlled bamyardgrass more effectively as soil moisture content 
increased. However, soil moisture was less critical when temperatures 
were higher and bamyardgrass was growing rapidly, later in the season 
(West et al., 1980). Akey and Morrison (1983) have confirmed the 
previous results. In plants growing under low soil moisture content 
prior to application of diclofop, a decreased amount of herbicide was 
recovered in the apex, third leaf and tillers of wild oats (Avena fatua 
L.). This explains the reduced activity of this herbicide on wild oats 
subjected to drought conditions. Dortenzio and Norris (1980) reported 
that when soil moisture was maintained at 3% above the plant wilting 
point, as compared to near field capacity, dichlofop herbicidal 
activity on yellow foxtail fSetaria lutescens (Weigel) Hubb.], wild 
oats, little seed canarygrass (Phalarls minor Retz.) and bamyardgrass 
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was decreased by 15 to 50%. The effect of low soil moisture content 
was minimized by increased rates of herbicide application. 
Factors other that the climatological environment affect ECU 
formation. Cantliffe and Wilcox (1972) found that ECW formation on 
cabbage leaves fBrassica oleracea L.) was inhibited on plants growing 
on EPIC (&-ethyl dipropyl carbamothioate) treated soil. This 
inhibition was 24% on the first six leaves, 44% on the second six 
leaves, but was no different among the six terminal leaves. Vernolate 
applied preplant incorporated, promoted better sicklepod control by 
postemergence herbicides when compared to plants growing in untreated 
soil. An analysis of the ECW quality showed that fatty alcohol and 
hydrocarbon content decreased 40% in plants growing in EPTC treated 
soil when compared to the control. Although the total ECW was not 
affected, the reduction in hydrocarbons, which are the most hydrophobic 
wax components, could have caused an increase in leaf wettability and 
herbicide penetration thus favoring weed susceptibility (Sherman et 
al., 1983). 
Common goldenweed fisocoma coronopifolia (Gray) Greene] and 
Drummond's goldenweed fIsocoma drummondii (T. and G.) Greene] are two 
rangeland shrubs with a high content of ECW and are relatively tolerant 
to herbicides. Hayeux and Scifres (1981) observed that Drummond's 
goldenweed control with 2,4-D at rates of 1.12 kg/ha was not effective 
if plants were under low soil content (3-10%). However, when the 
plants were growing in soils with high moisture content (12-15%), the 
top growth control was complete up to 6 months after application. An 
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Increase In 2,4-D rate from 1.12 to 2.24 kg/ha of 2,4-D, however, 
provided good weed control under both soil moisture regimes. Thus, 
control likely depends on the occurrence of substantial rain prior to 
herbicide application. This is attributed to the rapid growth and 
physiological activity associated with high soil moisture availability. 
However, the presence of a heavy ECW (300 mg/dm^ ) on leaves is also 
implicated in their relative tolerance to herbicide. Mayeux and Jordan 
(1981) used simulated rainfall to determine the amount of ECW which 
rainfall is likely to remove from the leaves. Simulated rainfall of 5 
and 10 cm reduced ECW in goldenweed by 17 and 30%. On Drummond's 
goldenweed the reduction was of 30 and 42% respectively and was 
decreased 50% with rainfall of 20 cm. This explains the higher 
herbicide activity observed on these weeds after a rainfall (Mayeux and 
Jordan, 1981). 
Effect of Additives on Herbicide Uptake 
Postemergence herbicide sprays usually contain adjuvants which may 
be included in the formulated product or added in the spray tank by the 
applicator. The Weed Science Society of America defines an adjuvant as 
'any substance in a herbicide formulation or added to the spray tank to 
modify herbicidal activity or application characteristics' (Weed 
Science Society of America, 1985). The term additive is generally used 
as synonym of adjuvant. 
Three types of adjuvants are recognized according to the type of 
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action: activator adjuvants which Increase herbicide activity (oils, 
surfactants, wetting agents and penetrants); spray modifier adjuvants 
(stickers, film formers, spreaders, deposit builders, thickening agents 
and foams); and utility modifiers that widen the range of conditions 
under which a given formulation Is useful (emulslflers, dispersants, 
stabilizing agents, coupling agents, cosolvents, buffering agents and 
ant1foam agents) (McWhorter, 1982). Although the exact manner In which 
they increase herbicide activity Is not generally well understood. It 
Is agreed that they act by changing the physical and chemical 
properties of the herbicide spray and/or the leaf surface. Properties 
potentially affected are the reduction of droplet surface tension and 
changes in density, viscosity, volatility and solubility 
characteristics of the spray solution (Hull et al., 1982). Adjuvants 
also appear to dissolve cuticular waxes thus diminishing the waxy 
barrier and facilitating herbicide penetration. As the adjuvant 
evaporates, cuticular components are randomly redeposlted on the leaf 
surface (Kuzych and Meggitt, 1983). 
The importance of adjuvants which improve the activity of many 
postemergence herbicides has been recognized for many years. 
Stanlforth and Loomls (1949) showed that surfactant added to 2,4-D 
Increased the speed and severity of plant reaction to the herbicide, 
although the addition did not necessarily hasten plant death. 
Postemergence applications of s-triazine herbicides using paraffinie 
oils as diluents were made as early as mid 1950s (cited by McWhorter, 
1982) and resulted in good weed control. However, it was not until 
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further work in the 1960s that oil-water emulsions were fully 
developed. By the late 1960s there were widespread recommendations for 
farmers use of oil-water emulsions (HcHhorter, 1982). Oils used in 
herbicide applications until about 1970 included 1-2% surfactants which 
served as the emulsifying agent. However, work by Wilson and Ilnicki 
(1968) showed that when using a mixture of 80% phytobland oil and 20% 
surfactants, good weed control was obtained. This phytobland oil-
surfactant combination, called crop oil concentrate (COG), usually 
contains 80-83% phytobland oil and 17-20% surfactants. 
Doran and Andersen (1975) found that, with velvetleaf and common 
cocklebur (Xanthium pensvlvanicum Wallr.), simulated rainfall less than 
eight hours after bentazon application caused a reduction in herbicidal 
activity. However, if petroleum oil (Sun HE) or vegetable oils (crude 
soybean oil plus 2% of an emulsifler triton X-207) were added to the 
herbicide spray, the detrimental rainfall effect was surmounted. 
Similar results were reported by Nalewaja et al. (1975) using redroot 
pigweed (Amaranthus retroflexus L.) and simulated rainfall of 9800 L/ha 
24 hours after bentazon application. The rainfall decreased redroot 
pigweed control by 21% with bentazon alone, but when petroleum oil was 
added to the spray, the reduction was 12%, and only 7% with linseed 
oil. This increase in control when oils are used as additives help to 
overcome the detrimental effect of rainfall shortly after herbicide 
application. 
The use of labelled herbicides has allowed the correlation of 
penetration and translocation of the herbicide in the leaf and the 
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plant with observations of weed control in the field. It was reported 
by Nalewaja and Adamczewski (1977) that -bentazon absorption and 
translocation was increased with oil additives in redroot pigweed, when 
compared to bentazon alone. The greatest absorption was obtained with 
water soluble linseed oil, intermediate with raw linseed oil and lowest 
with petroleum oil. Harrison et al. (1986) compared the efficacy of 
petroleum oil:emulsifier blend (83:17, v:v) and soybean oil:emulsifier 
blend (85:15, v:v) for velvetleaf control and found no difference 
between them. Levi (1960) found that oils of low toxicity Increased 
the herbicidal effectiveness of 2,4-D on Thvoha anqustlfolia L. Highly 
toxic oils were able to enhance the cuticular penetration of the 
herbicide, but this advantage was counteracted by the rapid killing of 
conductive tissue which stopped translocation (Levi, 1960). 
Inorganic salts have been known for many years to improve 
herbicide efficacy. The practice of applying herbicides in fertilizers 
or fertilizer solutions has been used since the mid-1950s, and in 
recent years there has been a renewed interest toward the use of 
fertilizer as herbicide additives, which presumably are superior to 
COG. Koppatschek et al. (1986) investigated several fertilizers to 
determine the potential for weed control enhancement. They found that 
the 28% nitrogen solution, 10-34-0 fluid fertilizer and ammonium 
sulphate improved velvetleaf control when used in place of COG with 
acifluorfen and bentazon in tank mixes or with bentazon alone. They 
also noted significantly reduced soybean Injury when the fertilizers 
were compared to COG. 
28 
Another potential advantage of liquid fertilizers over COG Is that 
It may be possible to reduce herbicide rates and still obtain good 
velvetleaf control. Better control was obtained with 28% N or 10-34-0 
fluid fertilizer when compared with COG added to aclfluorfen at 0.375 
lb/A, but when the herbicide rate was Increased to 0.5 lb/A all the 
additives were similar (Kapusta and Kunkel, 1986). Similar results 
were obtained by Frllsoe et al. (1986), they also found that ammonium 
salts significantly Improved bentazon uptake, relative to nitrate 
salts. 
Fertilizer additives have not always Improved weed control. Owen 
(1986) found that 10-34-0 fluid fertilizer, when added to aclfluorfen 
plus bentazon, did not significantly Improve velvetleaf control or 
reduced crop injury. Furthermore, foxtail millet (Setaria italica 
Beauv.) control with fluazlfop-P, and 28% urea ammonium was similar 
with the fertilizer or the herbicide alone (Pahl and Dexter, 1986). 
In addition to enhanced herbicide penetration and subsequent weed 
control, it has been found that herbicide photodecomposltlon and 
volatility in aqueous solutions are affected by the presence of an 
adjuvant. Harrison and Wax (1985) found that the addition of petroleum 
oil concentrate (83% paraffin and 17% emulslfiers, v/v), soybean oil 
concentrate (85% soybean oil and 15% of a emulsifier blend) and an 
emulsifier blend containing vegetable oil ethoxylate, alkyl phenol 
ethoxylates and polyethylene glycol to the herbicide solution, 
Increased the rate of bentazon degradation when compared to tween 20 
(polyoxyethylene sorbitan monolaurate) or the control. When bentazon 
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was oil solublllzed In either soybean oil or mineral oil, the 
degradation of the herbicide molecule was not affected by the oil type. 
Oil additives influence atrazine volatility. Reduced volatility 
of atrazine from nickel platted planchets was observed when linseed oil 
was used as an additive, compared to atrazine alone or with diesel 
fuel, petroleum oil or a surfactant. Volatility from corn fZea mavs 
L.) and yellow foxtail leaves was also reduced with the addition of 
linseed oil, probably due to the Increased uptake by the leaf by 
reducing the period of direct exposure of atrazine to the atmosphere 
(Nalewaja and Adamczewski, 1976). Linseed oil is nonvolatile and 
atrazine is very soluble in it (655 mg/100 ml), thus explaining these 
results. 
Materials that physically damage plant cuticles have also been 
used to overcome the ECW barrier thus increasing herbicide penetration. 
Colloidal kaolin damages plant cuticles, but when added to herbicide 
sprays, failed to significantly increase phytotoxlclty in 12 weed 
species. However, it increased phytotoxlclty in coleus fColeus blumeil 
Benth.), beans fPhaseolus vulgaris L.) and dandelion (Taraxacum 
officinale Weber) (Evellng and Eisa, 1976). 
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MATERIALS AND METHODS 
Velvetleaf and giant foxtail plants were grown under different 
environmental conditions and the quantity and chemical composition of 
the ECW was determined. Bentazon, fluazlfop-P and aclfluorfen uptake 
with different additives was measured under these conditions In order 
to determine the relationship of ECW to herbicide uptake. 
Field and Greenhouse Studies 
A field experiment was conducted In the summer of 1985 to evaluate 
the effect of three solar radiation levels and two soil moisture 
regimes on velvetleaf and giant foxtail eplcutlcular wax (ECW) 
deposition. The experiment was located on the Woodruff farm 10 km 
south-west of Ames, on a Glarlon-Nlcollet-Webster, Harps loam, Okobojl 
clay loam soil with a 7.78 pH and 6.63% organic matter. 
The three solar radiation levels were 100%, 70% and 27% of the 
available solar radiation, hereafter termed high, medium and low solar 
radiation. The reduction In solar radiation was obtained by placing 
black shade cloth (black lumlte polypropylene fabric, Lumlte Chlcopee 
Manufacturing) over the plots which were assigned to the medium and low 
radiation levels. The photosynthetic photon flux density (PPFD) under 
each shade cloth was measured on a clear day with a Llcor integrating 
quantum/radiometer/photometer sensor (model LI-188B). The average PPFD 
was 1690 (iE s"^  m'Z, 1250 fiE s'^  m"2 and 410 ftE s"^  m"2 for the high, 
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medium and low solar radiation levels. The shade cloths were supported 
by wooden structures (3.3 by 3.3 m) 0.90 m above soil level where they 
remained for the duration of the experiment, covering the top, east and 
west sides of the structures. The north and south sides were open to 
allow air circulation (Figure 1). 
Two soil moisture regimes were used in the field: a soil under 
drought stress (DS) and soil without DS. The DS soil treatment was 
maintained within 40 to 70 centibar, and the soil without DS was 
maintained within field capacity to 30 centibars of soil suction. The 
soil moisture was measured every two days at the 8-10 cm depth with a 
soil moisture probe (model 2900 manufactured by Sollmoisture Equipment 
Corporation). Plots under DS conditions were protected from the rain 
by covering them with opaque plastic supported by a 3.3 by 3.3 m wooden 
Figure 1. Wooden structures used to support the shade cloth and 
plastic over the plots 
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During rainy periods, the plastic was rolled down over the wooden 
structures to cover the plots and raised during rain free periods thus 
allowing solar radiation to reach the plots. The plots under DS were 
covered with plastic 10 days prior to the establishment of the 
experiment to obtain the drought stress condition. Field plots 
measured 3.3 by 3.3 m and were arranged in a randomized complete block 
design with four replications. Soybeans (Corsoy 79) were planted in 
76.2 cm rows on June 3, and the wooden structures were erected 
immediately. The average Ames solar radiation was 527 langleys/day 
during the duration of the experiment. 
Two leaf samples were taken for ECW determination when plants were 
three, four and five week old. The sampled leaves were the youngest 
first fully exposed leaf, the two samples were averaged and the data 
analyzed as a two by three factorial experiment. 
The same experimental design of the field study was repeated three 
times under greenhouse conditions between June and October, 1985. The 
first experiment was done from June 21 to July 31; the second from 
August 2 to September 2 and the last from September 4 to October 7. 
The average solar radiation in Ames was 521, 419 and 300 langleys/day 
during the first, second and third experiment, respectively. The 
amount of available solar radiation was reduced with the shade cloth 
but supported by a wooden structure 48 cm wide, 56 cm long and 38 cm 
high. Two rows of velvetleaf and two rows of giant foxtail seeds were 
planted in a container (39 by 56 by 10 cm). All containers were 
watered daily to field capacity until the beginning of the treatments. 
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Soil moisture content was monitored daily with a soil probe and 
the DS moisture treatment watered when needed to maintain the soil 
moisture content between 40 and 70 centibars of soil suction. The 
field capacity soil moisture treatments were watered daily to soil 
saturation to bring the soil moisture to field capacity. Supplemental 
radiation was provided with Sylvania lOOOW metal-halide lamps placed 
1.5 m over the flats. The lamps provided a 12 hour photoperiod from 
6:00 am to 6:00 pm. The temperature varied between 20 and 33 C and the 
relative humidity from 70% to 95%. 
Determination of Epicutlcular Wax Quantity 
The amount of ECW deposited on the leaves of velvetleaf and giant 
foxtail was determined by a colorimetric method developed by Ebercon et 
al. (1977). The method is based on the color change produced due to 
the reaction of the ECW with an acidic potassium bichromate (K2Cr20y) 
reagent. This reagent was prepared by mixing 20 gm of powdered 
potassium bichromate with 40 ml of deionized water. The slurry was 
mixed with one liter of concentrated (95-98%) sulfuric acid (H2SO4) and 
heated at 80 C while stirring in a magnetic stirrer/hot plate for 30 
minutes. 
The correct time that the leaves needed to be dipped in chloroform 
to remove the maximum amount of ECW without extracting lipids from the 
leaves was determined. Field-grown giant foxtail leaves were used in 
this determination. Leaf area was measured and these leaves were 
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dipped In chloroform for 5, 10, 15, 20 or 30 seconds and the amount of 
the ECW determined. An Increase In Immersion time from 5 to 15 seconds 
Increased the amount of ECW removed. However, after 15 seconds the 
amount of ECW removed did not Increase. 
The youngest fully exposed leaf was sampled and the leaf area 
determined with a Llcor leaf area meter (model LI-3000) with an 
attached conveyor belt. The ECW was removed from the leaves with 
chloroform; leaves were Immersed In 20 ml of chloroform for 15 seconds 
without Immersing the cut end of the petiole. The chloroform-ECW 
solution was then filtered through a fine fritted disk (4-4.5 nm pore 
size) and the filtrate was collected In a test tube. The funnel was 
rinsed with an extra 5 ml of chloroform and added to the filtrate. The 
filtration process was accelerated with suction by placing the 
collecting test tube In a 250 ml filtering flask with a side arm and 
applying suction. The filtrate was placed in a water bath at 85 C 
until the smell of chloroform was gone; samples with a large quantity 
of ECW required a longer heating period to evaporate the chloroform 
than samples with a lesser amount of ECW. 
A 5 ml aliquot from the sulfuric acid/potassium bichromate reagent 
was added to each test tube after chloroform evaporation, loosely 
capped with aluminum foil and placed in a water bath (100 C) for 30 
minutes. After 15 minutes, the test tubes were shaken in a test tube 
mixer to remove ECW residues from the test tube walls. After cooling, 
12 ml of deionized water were added, and the test tube was agitated to 
assure complete mixing of the reagent with the water. At least 3 hours 
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were allowed between the addition of the water and the determination of 
the absorbance in a Becknan model DU quartz spectrophotometer at 590 
nm. The relative absorbance of the sample was determined by comparison 
with a "blank" made with four test tubes that received 20 ml of 
chloroform without ECW and were subjected to all the procedures 
previously described. The four tubes were mixed together and used as 
the "blank". The amount of ECW in each test tube was determined from 
the standard curves developed for each plant leaf as explained above. 
The amount of wax for each sample (test tube) was divided by the leaf 
area in that sample to express the amount of ECW in the sample or test 
tube in /ig cm"^ . 
Standard curves for ECW quantity versus absorbance were developed 
for velvetleaf and giant foxtail. The ECW was removed from leaves 
which were collected in August of 1984 from mature field-grown plants. 
The leaves were dipped in a beaker with chloroform for 15 seconds to 
remove the ECW. The chloroform/ECW solution was filtered through a 
fine fritted disk to remove foreign particles. The filtrate was heated 
in a water bath at 80 C until the chloroform was evaporated allowing 
the ECW to solidify at the bottom of the flask. This preparation was 
then stored at room temperature and used for the standard curve 
determinations. 
To develop the standard curves, a stock solution was made by 
dissolving a known amount (by weight) of the previously collected ECW 
with a known volume of chloroform and making a range of concentrations 
from the stock solution. The concentrations were 0, 100, 200, 400, 
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800, 1200 and 1600 ng of ECW per test tube. Using the procedures 
previously outlined, the absorbance was determined in each test tube. 
The entire procedure was repeated six times and the average absorbance 
measured used for a regression analysis. The standard curves were 
linear throughout the range of concentrations used. The regression 
equation for velvetleaf ECW was y - 0 + 131.6x and for giant foxtail 
ECW, y - 0 + 126.2x, where y - absorbance at 590 nm and x - amount of 
ECW in fig. 
Herbicide Uptake Studies 
To study the effect of the environment prior to herbicide 
application on absorption of bentazon, fluazlfop-F and aclfluorfen 
herbicides, velvetleaf and giant foxtail plants were grown In two 
Conviron model E15 growth chambers under different temperature, 
radiation level and soil moisture content conditions. 
Two studies were conducted under different environmental 
conditions. The first study consisted of two temperature and two soil 
moisture regimes. The temperature regimes used were designated as low 
temperature (LT) with a 15/20 C, night/day temperature and high 
temperature (HT) with a 22/32 C (night/day) temperature. The soil 
moisture regimes were soil moisture at field capacity or -1/3 bars 
(SMFC) and soil with drought stress (DS) conditions of -5 to «10 bars. 
The radiation regime was on a 15.5 hours photoperiod and was 90 to 812 
pmol s"^  m'2 of photosynthetlcally active radiation (PAR). The 
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relative humidity was kept constant at 65% In the day and 85% at night. 
The second study consisted of three radiation levels and two soil 
moisture regimes. The three radiation levels were on 15.5 hour 
photoperlod with minimum to maximum radiation levels of 90 to 812, 90 
to 390 and 90 to 145 pmol s'^  m'^  of photosynthetlcally active 
radiation (PAR) In the 400 to 700 nm range, measured at canopy level. 
The radiant energy was provided with six Sylvania lOOOW metal-hallde 
high intensity discharge lamps per growth chamber. The radiation was 
programmed to Increase or decrease proportionally with time; increased 
for the first 7 hours of the photoperlod and decreased for the last 8.5 
hours. Growth chambers were maintained at a constant 65/85% 
(day/night) relative humidity. The two soil moisture regimes were the 
same as previously described. The statistical analysis of this study 
was performed including the data generated in the first study that 
corresponded to the high temperature because the conditions were the 
same as required in the high radiation level of the second study. 
The soil used in both studies was a 3:1:1 (v:v:v) mixture of 
soil:sand:peat pasteurized at 74 C for five hours. A soil moisture 
release curve developed for this soil showed that at -1/3, -5, -10 and 
-15 bars, the amount of water retained was 0.27, 0.22, 0.17 and 0.16 g 
of water per g of soil. A styrofoam cup (capacity 225 ml) was filled 
with 165 g of air-dried soil and watered to field capacity. Seeds were 
sown to a depth of 2 cm in three evenly spaced holes per cup. The cups 
were watered dally and maintained in the greenhouse for one week. 
After germination, plants were thinned to one plant per hole. The cups 
38 
were then assigned and maintained In their respective growing 
conditions of temperature, radiation level and soil moisture content 
until the herbicides were applied. Cups assigned to the SMFC regime 
were watered once dally to bring the soil moisture content to field 
capacity, cups for the DS treatment were weighed dally and water added 
as needed to bring the soil moisture content to -5 bars. 
All herbicides used In the uptake studies were mixed with 
water alone (control) or with water plus 28% N liquid nitrogen solution 
containing urea and ammonium nitrate (NH4NO3) or crop oil concentrate 
(COG) consisting of a mixture of 83% phytobland parafflnlc oil and 17% 
surfactants. The herbicide solutions were prepared at the rates 
Indicated In Table 1. 
A total of 2.3 mg of ^ C^-bentazon with a specific activity of 10.5 
mCl/mMol and a total of 92.5 /iCl was used and was diluted with 114 /il 
of unlabelled formulated bentazon. Each application consisted of 
approximately 80,000 disintegrations per minute (dpm) per leaf. A 
total of 100 /iCl of ^ C^-aclfluorfen with a specific activity of 6.3 
mCl/mHol of the sodium salt was used without any dilutions, each leaf 
was treated with approximately 10,000 dpm. A total of 54.05 /iCl of 
l^ c-fluazlfop-P of 7.8 mCl/mMol specific activity were used and each 
application had approximately 29,000 dpm per leaf. 
To obtain the rates given In Table 1, the herbicides were mixed 
according to the proportions listed In Table 2. All herbicides were 
mixed to make 1000 /il of solution. The herbicides were applied in 5 
droplets of 1 /il each one on the adaxial leaf surface. A total of 
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Table 1. Rates of herbicides, additives, active Ingredients and spray 
volume used in the herbicide uptake experiments 
Spray Additives 
Herbicides volume ai/ha* 28% COC® 
L/ha kg Liter per hectare 
Bentazon 280 1.12 9.4 2.3 
Fluazifop-P 187 0.21 4.7 2.3 
Acifluorfen 187 0.42 9.4 0.5 
A^ctive ingredient per hectare. 
2^8% N urea ammonium nitrate. 
Ccoc - crop oil concentrated with 83% phytobland paraffinlc oil 
and 17% surfactant. 
80,000 dpm were applied for bentazon, 29,000 dpm of fluazifop-P and 
10,000 dpm of aclfluorfen. Bentazon and acifluorfen droplets applied 
on velvetleaf remained as discrete droplets. However when fluazifop-P 
was applied to giant foxtail, droplets coalesced and distributed 
themselves on the leaf surface. After the droplets had dried, the 
plants were placed in a growth chamber with night/day temperatures of 
22/32 C and radiation level of 90-812 pmol s'^  m'^  at a 15.5 hour 
photoperiod. The relative humidity was maintained at 65/85% 
(day/night). Plants grown under DS were watered to field capacity the 
day before the application of the herbicides and kept in SMFC 
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Table 2. Proportions of herbicides, additives and water in the 
herbicide solutions used in the herbicide uptake experiments 
Amount of 
Herbicide herbicide Water 28% COC^  
(/il) 
Bentazon 8 992 0 0 
8 959 33 0 
8 984 0 8 
Fluazifop-P 5 995 0 0 
5 970 25 0 
5 983 0 12 
Acifluorfen 9 991 0 0 
9 941 50 0 
9 988 0 3 
&28% N urea ammonium nitrate. 
bcoc- crop oil concentrated with 83% phytobland paraffinic oil and 
17% surfactants. 
thereafter. Plants grown for the treatment SMFC were maintained at 
SMFC after herbicide application. 
The treated leaves were sampled at 12, 24 and 48 hours after 
herbicide application and the radioactivity outside, inside of the 
treated leaf and in the rest of the plant (shoots and roots) determined 
by liquid scintillation spectrometry. The treated leaf was detached 
and immersed immediately in a scintillation vial containing 4 ml of 
scintillation cocktail for five minutes. The scintillation cocktail 
was a 3:1 (v:v) mixture of xylene [CgH4(CH3)2] and triton X-114 
(octylphenoxypolyethoxyethanol) with PPG (2,5-diphenyloxazole) added at 
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4 gm/L. The leaf was then removed, placed in a funnel and both sides 
of the leaf rinsed with 15 ml of scintillation cocktail which were 
added to the leaf wash. This contained the herbicide which had not 
penetrated into the leaf and will be identified as "leaf wash". The 
rinsed leaf was then placed on a 7 cm diameter ashless filter paper, 
frozen immediately in liquid nitrogen and stored at -60 C until it was 
combusted in a biological oxidizer. Freezing in liquid nitrogen 
stopped all metabolic activity. This represented the amount of 
herbicide absorbed by the treated leaf. The rest of the plant (shoots 
and roots) was separated from the soil, rinsed with tap water, placed 
on a filter paper, frozen and stored at -60 C until combusted in the 
oxidizer. This represented the herbicide absorbed and translocated out 
of the treated leaf. The combined radioactivity found in the treated 
leaf plus the radioactivity recovered in the shoots and roots was 
designated as the total amount of herbicide taken up by the plant. 
Plant parts were combusted in a Packard tri-carb sample oxidizer 
(model 306Â). The evolved ^ C^02 was trapped in 9 ml of a carbon 
dioxide absorber (Carbosorb II, 3-methoxypropylamine) to which 10 ml of 
a liquid scintillator (Fermafluor V, a blend of scintillators PPG and 
bls-MSD in 85-90% toluene and 10% methanol) was added in a 20 ml 
scintillation vial. The radioactivity was determined in a Beckman 
model LS 3801 liquid scintillation system. 
The experimental design for all the herbicide uptake experiments 
was a randomized complete block design with four blocks. The 
percentages of absorbed herbicide were transformed to the arcsin and 
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analyzed In a split-split-split plot, where temperature or radiation 
was the main plot, soil moisture content the sub-plot, additives the 
sub-sub-plots and time the sub-sub-sub-plot. 
In order to determine the losses of -herbicides due to 
volatility and/or photodecomposition the herbicide/additive solutions 
were applied to glass slides which were then placed in the growth 
chamber under the same conditions used for the herbicide uptake 
experiments. These conditions were: a night/day temperature of 22/32 
C, radiation of 90-812 pmol m"^  s"^  and a day/night relative humidity 
of 65/85%. The amount of radioactivity remaining on the glass slides 
was measured with liquid scintillation spectrometry after 12, 24 and 48 
hours. The percentages of herbicide lost were converted to the arcsin 
before the analysis of variance. 
Eplcutlcular Wax Chemical Composition Study 
The determination of the ECW chemical components was done by 
labelling the ECW with ^ C^02 and separating the chemical components 
using thin layer chromatography. The ECW was labelled under the same 
conditions of temperature, radiation and soil moisture content 
previously described for the herbicide uptake studies. A total of 500 
/iCl of l^ C-sodium carbonate (Nag^ C^Og) (Sigma Chemical Company), with a 
specific activity of 6.3 mCi/mmol was diluted with 1100 /il of water to 
make a stock solution of 1 x 10^  dpm per /il. Plants were enclosed in a 
plexiglass chamber and labelled with 30 pi (3 x 10^  dpm) of the stock 
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solution which was placed In two styrofoam cups containing 3 ml of 
water; one cup received 2 x 10^  dpm and the other 1 x 10^  dpm. 
The chamber was 31 cm high, 31 cm wide and 47 cm long and made of 
clear, 31.8 mm thick plexiglass. An electric fan powered by a 1.5 volt 
battery was attached inside to mix the air and assure an even 
temperature and ^ C^02 distribution inside the chamber. The temperature 
inside the chamber was monitored with three mercury thermometers placed 
at the bottom, middle and top of the chamber (Figure 2). 
The plexiglass chamber was placed inside a growth chamber 
programmed for conditions similar to those used for the herbicide 
uptake experiments. The temperature inside the chamber was allowed to 
reach the desired level and then three ml of hydrochloric acid (HCl) of 
Figure 2. Plexiglass sealed chamber used to label the epicuticular wax 
with 
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36.5-38.0% concentration were Injected through a stopper Into the 
styrofoam cup containing sodium carbonate, thus evolving ^ C^02. 
Four hours later, this procedure was repeated for the second styrofoam 
cup in order to replenished the ^^ C02 Inside the plexiglass chamber. 
After 24 hours, plants were removed and the ECW extracted with 
chloroform as previously described. The chloroform was allowed to 
evaporate at room temperature until approximately 1 ml of 
chloroform/ECW solution remained in the test tube. This was stored in 
vials until the ECW components were separated with thin layer 
chromatography (TLC). 
The ECW components were separated on Whatman llnear-K pre-
adsorbent silica gel TLC plates of 250 /um thickness. The plates were 
washed with purified grade, double distilled benzene (CgHg) and dried 
in 110 C. Plates were spotted with 40 jul of the ^ C^-labelled ECW and 
developed with benzene in one direction. The spots containing ^ C^-ECW 
were located by attaching a sheet of X-ray film (X-Omat AR Kodak 
diagnostic film) to the TLC plate and storing in dark for two weeks. 
The separated components were visualized by charring the plates at 160 
C after being sprayed with a 5% strength sulfuric acid solution. The 
identified bands were scraped from the TLC plate and mixed with 15 ml 
of scintillation cocktail in a 20 ml scintillation vial and shaken for 
24 hours in an orbital shaker (Lab-line No.3590) at 100 revolutions per 
minute. The radioactivity was then determined by liquid scintillation 
spectrophotometry. The amount of radioactivity in each fraction was 
expressed as the percentage of the total radioactivity recovered from 
45 
all the fractions. The sum of all fractions do not add to 100% because 
there was some radioactivity not associated with any fraction. 
The ECW fractions were Identified by Including known standards In 
separate channels of the TLC plate and then comparing the relative to 
the front values (Rf). 
Scanning Electron Microscope Study 
Leaves from plants of the same age as those treated with ^ C^-
herblcldes were collected and press dried between blotters for three 
weeks. Â piece of leaf from the center and along the midrib was fixed 
with silver paint to a copper stub. The sample was coated for two 
minutes with a mixture of gold-palladium In a sputter coater (Folaron 
Instruments Inc., Unit E5100). A JEOL JSM-35 scanning electron 
microscope was used to view the specimen at 10 kv; pictures were taken 
with a polaroid camera attached to the microscope. 
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RESULTS 
Eplcutlcular Wax Deposition 
The optimum Immersion time to remove the ECW with chloroform was 
15 seconds. There was a marked increase in the quantity of ECW removed 
from giant foxtail leaves with an increase in the immersion time from 5 
to 15 seconds. However, the amount of the ECW reboved from the leaves 
did not Increase when the immersion time increased from 15 to 30 
seconds. The amount of ECW removed with chloroform was 8.54, 12.34, 
14.61, 14.65, and 14.66 /ig cm'^  with immersion time of 5, 10, 15, 20 
and 30 seconds, respectively. 
The amount of ECW deposited under field conditions on velvetleaf 
and giant foxtail leaves was determined in the youngest fully exposed 
Içaf on plants three, four and five weeks old. The total quantity of 
ECW deposited on velvetleaf decreased as plants became older; the 
quantity of ECW in plants three, four and five weeks old was 7.37, 6.65 
and 5.99 ng cm'^ , respectively and represented a reduction of 10% for 
each successive week. The combined statistical analysis of the three 
sampling times showed that the quantity of ECW deposited during the 
three weeks was statistically different according to the LSD test (LSD 
- 0.54 /ig cm"2). Leaves of velvetleaf grown under DS developed more 
ECW (7.07 /ig cm"2) than leaves grown in SMFC (6.27 ng cm"2) in any of 
the three sampling dates; this difference was significant at the 1% 
level (p-0.0008, Table 24 in the appendix) when the three sampling 
times were analyzed together (Table 3). 
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Table 3. Effect of soil moisture and solar radiation on velvetleaf 
epicuticular wax deposition in the field 
after germinatipn 
Environmental parameter 3 4 5 average 
Treatment (ECW in /ug cm"2) -
Soil moisture* SHFC 6.78 6.16 5.89 6.27 
Drought 7.97 7.14 6.09 7.07 
LSD (0.05) NSb NS NS 0.44 
Solar radiation^  Full 8.11 6.52 6.72 7.12 
Medium 7.09 6.65 5.90 6.55 
Low 6.92 6.77 5.34 6.34 
LSD (0.05) NS NS 0.73 0.54 
S^HFC - soil moisture at field capacity, drought - soil moisture 
under drought stress of -5 to -10 bars. 
N^o significant difference. 
Ggolar radiation: full - 100%, medium - 70% and low - 27% of 
the available solar radiation. 
Â reduction in available solar radiation caused a decrease in leaf 
ECW deposition. Plants grown under full, medium and low solar 
radiation levels had 7.12, 6.55 and 6.34 /ig cm'^  of ECW, respectively. 
The difference between the quantity of ECW deposited under the full and 
the two reduced solar radiation levels was significant according to the 
LSD test (LSD - 0.54 /ug cm"^ ), but not the difference between the 
medium and low solar radiation level treatments (Table 3). 
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In giant foxtail, the quantity of ECW deposited under field 
conditions for any treatment remained relatively constant for plants 
three, four and five weeks old, but the effect of soil moisture content 
and the level of available solar radiation were significant at the 1% 
level (Table 25 in the appendix). Giant foxtail plants grown under DS 
had more ECW (19.68 /ig cm'2) than plants grown in SMFC (17.40 /ig cm'^ , 
Table 4). A reduction in available solar radiation caused a reduction 
in the amount of ECW. The highest quantity of ECW was produced in 
plants exposed to full solar radiation (20.10 fig cm'^ ), and the lowest 
in plants grown under low solar radiation (16.92 /ig cm"^ ). The amount 
of ECW in plants grown under medium solar radiation was Intermediate 
(18.58 /ig cm"2). 
The same field experimental design was repeated three times under 
greenhouse conditions, and data of the three experiments were combined 
for the statistical analysis. In velvetleaf, the overall quantities of 
ECW formed in the first, second and third.experiment were 13.74, 11.66 
and 8.37 /ig cm'^ , respectively, and the differences among the 
experiments were significant according to the LSD test (LSD - 1.52 /ig 
cm'2). Velvetleaf plants grown in SMFC had 7.92 /ig cm"2 of ECW and 
when grown under DS, 14.59 /tg cm~^ . This difference was significant at 
the 1% level (Table 26 in the appendix). 
In giant foxtail leaves, the soil moisture content significantly 
affected the amount of ECW deposited (p-0.0001. Table 27 in the 
appendix). Plants grown in SMFC had 13.58 /ig cm'^  and 22.25 /ig cm*^  of 
ECW when grown under DS (Table 6). 
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Table 4. Effect of soil moisture and radiation on giant foxtail 
eplcutlcular wax deposition in the field 
efter germination 
Environmental parameter 3 4 5 average 
Treatment (ECW in /ig cm"^ ) 
Soil moisture* SMFC 17.29 17.59 17.40 17 .40 
Drought 20.54 18.94 19.55 19 .68 
LSD (0.05) NSb 1.94 1.87 1 .35 
Radiation levels^  Full 19.63 20.31 20.37 20 .10 
Medium 18.96 18.29 18.50 18 .58 
Low 18.14 16.20 16.43 16 .92 
LSD (0.05) NS 2.38 2.29 1 .65 
S^MFC - soil moisture at field capacity, drought - soil moisture 
under drought stress of -5 to -10 bars. 
N^o significant difference. 
R^adiation: full - 100%, medium - 70% and low - 27% of the 
available radiation. 
In velvetleaf plants used in the uptake studies, the temperature 
and soil moisture significantly affected the ECW deposition (Table 28 
in the appendix). Velvetleaf plants grown under LT had more ECW (9.22 
fig cm"2) than plants grown under HT (5.38 pg cm"^ ). An increase in ECW 
deposition was observed in velvetleaf plants when grown under DS (9,40 
Hg cm"2) compared to those plants grown under SMFC (5.21 ng cm'^ , Table 
7). The effect of temperature on ECW was greater in plants grown under 
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Table 5. Effect of soil moisture and radiation on velvetleaf 
eplcutlcular wax deposition In the greenhouse 
Experiment 
Environmental parameter First Second Third Average 
Treatment 1
 
a
 
cm"2) -
Soil moisture* SHFC 9 .80 7.95 6.02 7.92 
Drought 17 .68 15.37 10.72 14.59 
LSD (0.05 2 .17 1.94 2.82 1.24 
Radiation levels^  Full 16 .01 11.81 8.38 12.07 
Medium 12 .81 12.48 9.00 11.29 
Low 12 .40 10.69 7.73 10.41 
LSD (0.05) NS® NS NS NS 
S^MFC - soil moisture at field capacity, drought - soil moisture 
under drought stress from -5 to -10 bars. 
R^adiation: full - 100%, medium - 70% and low - 27% of the 
available radiation. 
°No significant difference. 
DS; velvetleaf plants grown under LT/DS had twice the amount of ECW 
(12.53 /ig cm"2) when compared to those plants grown under HT/DS (6.26 
Hg cm"2). Plants grown In LT/SMFC had 5.92 ng cm"^ , 31% more ECW than 
plants grown under HT/SMFC (4.51 /ig cm'^ , Figure 3). 
The amount of ECW deposited on velvetleaf leaves used In the 
bentazon uptake studies was not affected by the radiation regimes. 
However, the amount of ECW formed was affected by the soil moisture 
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Table 6. Effect of soil moisture and radiation on giant foxtail 
epicutlcular wax deposition in the greenhouse 
Experiment 
Environmental parameter First Second Third Average 
Treatment (ECW in fig cm"2) 
Soil moisture* SHFC 
Drought 
15.29 
23.60 
13.26 
24.33 
12.18 
18.80 
13.58 
22.25 
LSD (0.05) 4.85 4.84 4.49 2.50 
Radiation levels** High 
Medium 
Low 
22.52 
18.62 
17.20 
17.70 
19.92 
18.77 
16.21 
16.73 
13.53 
18.81 
17.95 
16.98 
LSD (0.05) NS° NS NS NS 
*SMFC — soil moisture at field capacity, drought - soil moisture 
under drought stress (DS), -5 to -10 bars. 
R^adiation: full - 100%, medium » 70% and low - 27% of the 
available radiation. 
°No significant difference. 
regimes. Averaging across all three radiation levels, plants grown 
under DS had 49% more ECW (6.59 /ig cm"2) when compared to plants grown 
in SMFC (4.42 /tig cm"2, Table 8). There was no significant effect of 
the interaction radiation by soil moisture regimes (Figure 3, Table 29 
in the appendix). 
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Table 7. Effect of temperature and soil moisture on velvetleaf and 
giant foxtail epicuticular wax deposition 
Plant @peçie@ 
Environmental parameter Velvetleaf Giant foxtail 
Treatment (ECW in /ig cm'2) 
Temperature 15/20 C 9.22 15.48 
22/32 C 5,38 11.10 
LSD (0.05) 0.90 1.80 
Soil moisture* SMFC 5.21 11.52 
Drought 9.40 15.06 
LSD (0.05) 0.90 1.80 
*SMFC - soil moisture at field capacity, drought - drought stress, 
soil moisture from -5 to -10 bars. 
In giant foxtail, the interaction of temperature by experiment was 
statistically significant (P-0.0031, Table 30 in the appendix). In the 
first experiment the leaves of giant foxtail plants grown under LT had 
67% more ECW (16.21 pg cm'^ ) when compared to leaves from plants grown 
at HT (9.68 ng cm'2). Although in the second experiment plants grown 
under LT still had more ECW than those plants grown at HT (14.75 and 
12.52 ng cm"2, respectively), the increase was only 18%. Overall, 
plants grown under LT had 39% more ECW (15.48 /ig cm'^ ) than plants 
grown in HT (11.10 /ig cm"^ ). 
The soil moisture content significantly affected the amount of ECW 
deposited on giant foxtail leaves (P-0.0009, Table 30 in the appendix). 
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Figure 3. Effect of temperature, radiation and soli moisture on 
velvetleaf eplcutlcular wax deposition, LSD 1.50 and 1.90 
for temperature and radiation respectively 
Plants grown under DS had 31% more ECW (15.06 fig cm'^ ) compared to 
plants grown In SMFC (11.52 cm'^ , Table 7). The total amount of ECW 
deposited was higher In the first (12.02 /ig cm'^ ) than In the second 
experiment (9.93 ng cm'^ ) and the difference was significant at the 5% 
level according to the LSD test (LSD - 1.10 pg cm'^ ). Plants growing 
under high, medium and low radiation had 11.10, 11.61 and 10.22 /xg cm*^  
of ECW, respectively (Table 8). Soil moisture content markedly 
Influenced the formation of the ECW on the leaves and was highly 
significant (P-0.0010, Table 31 In the appendix). The amount of ECW 
Increased by 20% in plants grown under DS (11.98 /ug cm'^ ) when compared 
to plants grown in SMFC (9.97 fig cm*^ . Table 8). 
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Table 8. Effect of radiation and soil moisture on velvetleaf and 
giant foxtail eplcutlcular wax deposition 
Plant 
Environmental parameter Velvetleaf Giant foxtail 
Treatment (ECW in /ug cm" 2) 
Soil moisture* SMFC 4.42 9.97 
Drought 6.59 11.98 
LSD (0.05) 0.66 1.10 
Radiation level^  High 5.38 11.10 
Medium 5.87 11.61 
Low 5.27 10.22 
LSD (0.05) NS® 1.34 
*SMFC - soil moisture at field capacity, drought - drought stress, 
soil moisture from -5 to -10 bars. 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s'^  m'2 of photosynthetically active radiation. 
®No significant difference. 
Eplcutlcular Wax Chemical Composition 
The ECW components of velvetleaf consisted of five main chemical 
classes; fatty acids, primary alcohols, secondary alcohols, esters and 
hydrocarbons. The respective Rf values were 0.00-0.04, 0.11-0.16, 
0.26-0.33, 0.62-0.71 and 0.86-0.93 (Figure 4). In the temperature and 
soil moisture studies, only the esters and hydrocarbons were 
significantly affected (Table 32 in the appendix). The ester fraction 
Figure 4. Separation of velvetleaf and giant foxtail eplcutlcular wax 
chemical components with thin layer chromatography (silica 
gel G). a - origin, b - fatty acids, c - primary alcohols 
d - secondary alcohols, e - aldehydes, f - esters 
g - unknown and h - hydrocarbons 
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decreased when plants were grown under DS (8.9%) or HT (8.7%) compared 
to plants grown in SMFC (11.2%) or LT (11.5%). Conversely, the 
hydrocarbons were higher In plants grown under DS (20.8%) or HT (20.3%) 
compared to plants grown in SMFC (17.3%) or LT (17.8%, Table 9). 
In the soil moisture and radiation study, the radiation regime had 
a significant effect on the primary alcohols, secondary alcohols and 
esters components (Table 33 in the appendix). A decrease in radiation 
Table 9. Effect of soil moisture content and temperature on velvetleaf 
epicuticular wax chemical composition 
Eoicuttcular wax component 
Fatty Primary Secondary 
Treatment acid alcohol alcohol Ester Hydrocarbon 
(Percentage of the total) 
Soil moisture* 
SMFC 13.1 31.1 22.0 11.2 17.3 
Drought 11.6 29.8 24.1 8.9 20.8 
LSD (0.05) Nsb NS NS 1.9 2.0 
Temperature (C) 
15/20 13.8 29.7 22.1 11.5 17.8 
22/32 10.9 31.2 24.0 8.7 20.3 
LSD (0.05) NS NS NS 1.9 2.0 
*SMFC - soil moisture at field capacity, drought - drought stress, 
soil moisture from -5 to -10 bars. 
N^o significant difference. 
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caused an increase in esters but a decrease in the primary and 
secondary alcohols (Table 10). The effect of radiation on the primary 
alcohols, secondary alcohols and esters was significant when the low 
radiation regime was compared to the high and medium radiation regimes. 
There were no differences between the high and medium radiation levels 
according to the LSD tests. 
Table 10. Effect of soil moisture and radiation on velvetleaf 
epicuticular wax chemical composition 
Treatments 
Epicuticular wax components 
Fatty Primary Secondary 
acid alcohol alcohol Ester Hydrocarbon 
Soil moisture* 
SMFC 
Drought 
LSD (0.05) 
Radiation level^  
11.8 
11.4 
NSt 
(Percentage of the total). 
29.1 
31.4 
NS 
21.0 
20.8  
NS 
13.1 
10.4 
NS 
19.4 
21 .2  
NS 
High 10.9 31.2 24.0 8.7 20.3 
Medium 10.1 32.2 21.2 11.2 20.2 
Low 13.9 27.3 17.4 15.3 20.5 
LSD (0.05) NS NS 3.5 3.5 NS 
*SMFG - soil moisture at field capacity, drought — drought stress, 
soil moisture from -5 to -10 bars. 
N^o significant difference. 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s"^  m"2 of photosynthetically active radiation. 
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Giant foxtail ECW had six major chemical components; fatty acids, 
primary alcohols, aldehydes, esters, an unknown fraction and 
hydrocarbons. The respective Rf values were 0.00-0.04, 0.11-0.16, 
0.52-0.59, 0.62-0.71, 0.79-0.85 and 0.86-0,93 (Figure 4). In the soil 
moisture content and temperature study, the fatty acids, primary 
alcohols, esters and hydrocarbons were affected by the soil moisture 
and the aldehydes and esters were affected by the temperature regime 
(Table 34 in the appendix). A DS condition caused a decrease in fatty 
acids and primary alcohols but an increase in ester and hydrocarbon 
content when compared to the SHFC condition. Plants grown under DS had 
8.2% fatty acids and 27.6% primary alcohols; these percentages were 
higher when plants were grown in SMFC, 11.9% and 43.3% for fatty acids 
and primary alcohols, respectively. The unknown fraction increased 
from 5.4% to 11.9% and hydrocarbons from 2.2% to 16.3% when plants were 
grown under DS instead of SMFC conditions. The unknown fraction 
increased from 6.9% to 10.4% and the aldehydes decreased from 22.5% to 
13.6% when plants were grown in HT instead of LT (Table 11). 
There was a significant interaction of temperature by soil 
moisture for the primary alcohol fraction. Plants grown under LT, DS 
conditions decreased the primary alcohol by 10.4% (from 40.1% to 
29.7%), however in plants grown under HT the decrease was 21.0% (from 
46.6% to 25.6%) when compared to plants grown in SMFC. The unknown 
fraction was affected in the same way; a DS condition increased 
formation of this fraction compared to the SMFC condition by 10% when 
plants were grown in HT but only 3% when grown under LT. 
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Table 11. Effect of soil moisture and temperature on giant foxtail 
eplcutlcular wax chemical composition 
Treatments 
Eplcutlcular wax components 
Fatty Primary 
acid alcohol Aldehyde Ester Unknown Hydrocarbon 
(Percentage of the total). 
Soil moisture* 
SMFC 
Drought 
LSD (0.05) 
Temperature (C) 
15/20 
22/32 
11.9 
8.2 
3.2 
9.3 
10.8 
43.3 
27.6 
3.7 
34.9 
36.1 
16.7 
19.4 
NS* 
22.5 
13.6 
10.7 
9.5 
NS 
9.5 
10.7 
5.4 
11.9 
3.4 
6.9 
10.4 
2 . 2  
16.3 
2.3 
8 . 6  
9.9 
LSD (0.05) NS NS 2 . 8  NS 2.1 NS 
*SMFC - soil moisture at field capacity, drought - drought stress, 
soil moisture from -5 to -10 bars. 
N^o significant difference. 
In the study of soil moisture content and radiation levels, the 
proportions of fatty acids and primary alcohols significantly decreased 
in plants grown under DS, but the aldehydes, esters and hydrocarbon 
fraction Increased when compared to plants grown in SMFC (Tables 35 and 
12). The fatty acids decreased from 16.8% to 8.9% and the primary 
alcohols from 43.8% to 28.9%. However, the aldehydes increased from 
12.2% to 17.3%, the ester from 5.5% to 12.8% and the hydrocarbons from 
2.3% to 14.5% when plants were grown under DS conditions Instead of 
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Table 12. Effect of soil moisture and radiation on giant foxtail 
eplcutlcular wax chemical composition 
Bpicvticwlar WM somppnent? 
Fatty Primary 
Treatments acid alcohol Aldehyde Esters Unknown Hydrocarbon 
(Percentage of the total) 
Soil moisture* 
SMFC 16.8 43.8 12.2 10.7 5.5 2.3 
Drought 8.9 28.9 17.3 10.1 12.8 14.5 
LSD (0.05) 2.1 2.1 2.6 Nsb 1.8 1.8 
Latlon level^  
High 10.8 36.1 13.6 11.2 10.4 9.9 
Medium 11.7 42.1 11.6 11.0 9.0 6.5 
Low 16.2 30.9 19.0 9.1 8.1 8.7 
LSD (0.05) 2.5 2.6 3.2 1.2 NS 2.2 
*SHFC - soil moisture at field capacity, drought - drought stress, 
soil moisture from -5 to -10 bars. 
N^o significant difference. 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 /imol s'^  m"^  of photosynthetlcally active radiation. 
SMFC. A decrease In radiation resulted In an Increase in fatty acids 
and aldehydes but a decrease In primary alcohols and esters content 
(Table 12). The effect of radiation was more obvious when comparing 
the high with the low radiation regime but less obvious between the 
high or low and medium radiation. 
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Scanning Electron Microscope Study 
The scanning electron microscope (SEM) micrographs of velvetleaf 
(Figure 5) did not reveal treatment differences on ECW formation. The 
ECW appears as a smooth, amorphous and continuous film that covers all 
cells. No wax structures were visible Irrespective of the temperature, 
radiation or soil moisture content used to grow the plants. 
Giant foxtail plants grown under LT (Figure 6, plates Â and B) had 
smaller ECW structures and more thoroughly covered the cell surface as 
compared to plants grown In HT (Figure 6, plates G, and D). Plants 
grown under DS (Figure 6, plates B, D, F, and H) tended to have larger 
ECW structures and were more abundant than those from SMFC plants. 
The effect of reduced radiation was a slight reduction In the 
visible ECW structures, and the gaps between the structures Increased 
In size. 
Herbicide Uptake Studies 
Effect of temperature and soil moisture content 
There was no effect of temperature or soil moisture content on 
bentazon uptake. There was an Interaction of temperature by soil 
moisture significant at the 5% level (p-0.0280, Table 36 In the 
appendix). Velvetleaf leaves which were grown under HT/DS conditions 
absorbed 6.4% of the applied herbicide, however If velvetleaf plants 
were grown under HT/SMFC conditions, the uptake increased to 10.0%. 
When plants were grown under LT, higher uptake was obtained in leaves 
Figure 5. Scanning electron microscopy of velvetleaf eplcutlcular wax, 
A - LT/SMFC, B - LT/DS, C - HT/SMFC, D - HT/DS, E - Medium 
radlatlon/SHFC, F - Medium radlatlon/DS, G — low 
radlatlon/SMFC and H - low radlatlon/DS. Bar represents 
10 tm 
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Figure 6. Scanning electron microscopy of giant foxtail eplcutlcular 
wax, A - LT/SMFC, B - LT/DS, C - HT/SMFC, D - HT/DS, 
E - Medium radlatlon/SMFC, F - Medium radlatlon/DS, G - low 
radlatlon/SMFC and H - low radlatlon/DS. Bar represents 
10 pm 
I 
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Table 13. Effect of temperature and soil moisture prior to herbicide 
application on velvetleaf uptake of ^ C^-bentazon 
Environmental parameter Distribution of radioactivity 
Shoots 
Night/day Soil Leaf Treated and Total 
Temperature moisture* wash^  leaf roots uptake^  Recovery 
—(c)— 
15/20  SMFC 88 .6  7 .7  0 .8  8 .5  97 .1  
Drought 90 .0  7 .9  1 .3  9 .2  99 .2  
22 /32  SMFC 86 .2  9 .4  0 .6  10 .0  96 .2  
Drought 92 .9  5 .8  0 .6  6 .4  99 .3  
LSD (0 .05)  0 .5  
*SMFC - soil moisture at field capacity and drought - drought 
stress from -5 to -10 bars. 
T^he treated leaf was dipped for five minutes and rinsed with the 
scintillation cocktail at harvest. 
T^otal uptake is the combined radloactfyity found in the treated 
leaf plus the radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
additives and time. 
grown under DS (9.2%) compared to leaves grown in SMFC (8.5%, Table 
13). 
Bentazon uptake was affected by additive type In the herbicide 
solution and by the temperature in which the leaves were grown (Figure 
7). The interaction of temperature by additive was highly significant 
(p-0.0001, Table 36 in the appendix). Bentazon without additive was 
absorbed in similar amounts by leaves grown in LT (4.3%) or HT (4.6%). 
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However, when the 28% N or GOG were added, bentazon uptake was 
Increased compared to the control. The magnitude of the increase was 
affected by the temperature; 13.8% uptake was obtained in plants grown 
under LT while 7.9% was measured when plants were grown under HT when 
28% N was the additive. The COG as an additive had the opposite 
effect; velvetleaf plants absorbed less bentazon (8.4%) when the plants 
were grown in LT as compared to plants grown under HT (12.1%). 
The interaction of soil moisture by additive was significant 
(p-0.0048, Table 36 in the appendix). There was a decrease in 
herbicide uptake when the plants were grown under DS as compared to 
plants grown in SHFG. Bentazon uptake without an additive was 4.7% on 
plants grown in SMFG and 4.3% under DS. Additives increased bentazon 
uptake over the control in both soil moisture regimes. The uptake was 
11.3% and 11.8% for 28% N and GOG, respectively, when plants were grown 
in SHFG. The bentazon uptake was slightly reduced in plants grown 
under DS; 10.4% and 8.6% for 28% N and GOG, respectively (Figure 8). 
The effect of additives on bentazon uptake was influenced by time. 
The interaction of additive by time was p-0.0271 (Table 36 In the 
appendix). Leaves treated with bentazon alone absorbed the lowest 
amount of herbicide regardless of the sampling times. The leaves 
treated with bentazon plus 28% N or COG absorbed more herbicide than 
the control at all sampling time (Table 14). 
The soil moisture content by time interaction was statistically 
significant (p-0.0217, Table 36 in the appendix). Bentazon uptake was 
lower in plants grown under DS compared to plants in SMFG for all three 
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Table 14. Effect of additives and time after application on velvetleaf 
uptake of ^ C^-bentazon 
Distribution of radioactivity 
Shoots 
Time after Leaf Treated and Total 
Additive® application wash^  leaf roots uptake® Recovery 
(hours) (% of applied)**. 
Control 12 97.3 2.1 0.4 2.4 99 .7 
24 94.6 3.3 0.6 3.9 98 .5 
48 90.7 6.3 0.8 7.1 97 .7 
28% N 12 89.2 7.6 0.9 8.5 97 .7 
24 87.7 8.6 1.0 9.6 97 .3 
48 81.4 13.4 1.0 14.4 95 .8 
COG 12 93.4 5.4 0.7 6.0 99 .4 
24 88.0 9.4 1.1 10.5 98 .4 
48 82.6 13.0 1 . 2  14.2 96 .8 
LSD (0.05) 2.1 
C^ontrol - no additive, 28% N - urea ammonium nitrate and COG -
crop oil concentrated with 83% phytobland parafflnlc oil and 17% 
surfactant. 
T^he treated leaf was dipped for five minutes and rinsed with the 
scintillation cocktail at harvest. 
T^otal uptake is the combined radioactivity found in the treated 
leaf plus the radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
temperature and soil moisture. 
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sampling times. These differences increased with time; at 12, 24 and 
48 hours after the herbicide application, the differences in uptake 
were 0.3%, 1.0% and 3.1%, respectively, in favor of the plants grown in 
SMFC (Figure 9). 
The effect of temperature and soil moisture content on fluazifop-F 
uptake by giant foxtail were significant (Table 37 in the appendix). 
Plants absorbed more herbicide when grown under LT (43.8%) and SMFC 
(42.6%) than when grown under HT (27.3%) or DS (28.5%, Table 15). 
There was a significant interaction of experiment by temperature at the 
1% level (p-0.0058, Table 37 in the appendix). In both experiments, 
leaves grown under LT absorbed more fluazifop-P when compared to plants 
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grown under HT. However, in the first experiment, leaves grown under 
LT absorbed 44.4% of the applied herbicide and when grown under HT, the 
uptake was reduced to 30.5%. In the second experiment, leaves grown 
under LT also absorbed more herbicide (43.2%) compared to leaves grown 
under HT (24.1%), but the difference in uptake between temperature 
regimes was greater in the second experiment. 
The effect of soil moisture content on uptake of fluazifop-P was 
influenced by the temperature in which the plants were grown and the 
interaction was statistically significant (p-0.0237. Table 37 in the 
appendix). Leaves from plants grown under HT/SMFC absorbed 32.3% of 
the applied herbicide, however only 22.3% was absorbed when plants wore 
grown under HT/DS conditions (Table 16). Leaves grown under LT/SMFC 
absorbed 52.9% of the herbicide but only 34.7% when grown under LT/DS. 
Thus, there was an increase in uptake in leaves from plants grown in 
SMFC when compared to leaves from plants grown under DS conditions 
regardless of the temperature. Plants grown under HT/DS also absorbed 
less herbicide compared to plants grown in HT/SMFC (22.3% and 32.3%, 
respectively). 
Uptake of fluazifop-P by giant foxtail was influenced by additives 
and the temperature. The interaction of temperature by additive was 
significant (p-0.0005, Table 37 in the appendix). Plants grown under 
LT absorbed more herbicide than plants grown under HT, regardless of 
the herbicide additive (Figure 10). The uptake with the herbicide 
alone was 21.7% when plants were grown under HT, however when the 
plants were grown under LT, herbicide uptake was increased to 35.1%. 
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The addition of 28% N or COG to fluazifop-F increased the uptake 
compared to the control for both temperature regimes. Fluazlfop-P 
uptake by plants under HT with 28% N was 25.5% and Increased to 42.2% 
when the plants were grown under LT. Herbicide uptake was greater with 
the GOG when compared with 28% N or with the herbicide alone for both 
temperatures. The uptake with GOG varied according to the temperature; 
Table 15. Effect of temperature and soil moisture prior to herbicide 
application on giant foxtail uptake of ^ G^-fluazifop-P 
Distribution of radioactivity 
Shoots 
Leaf Treated and Total 
Environmental parameter wash* leaf roots uptake^  Recovery 
treatment (% of applied)° 
Temperature (G) 15/20 37 .8 42.7 1.0 43.8 81.6 
22/32 56 .0 26.5 0.8 27.3 83.3 
Soil moisture^  SMFG 36 .9 41.6 1.0 42.6 79.5 
Drought 56 .9 27.6 0.9 28.5 85.3 
LSD (0.05) 1.6 
*The treated leaf was dipped for five minutes and rinsed with 
scintillation cocktail at harvest. 
T^otal uptake is the combined radioactivity found in the treated 
leaf plus radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
time. 
S^HFG - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
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Table 16. Effect of temperature and soil moisture prior to herbicide 
application on giant foxtail uptake of ^ C^-fluazlfop-F 
Environmental parameter Distribution of radioactlvltv 
Shoots 
Night/day Soil Leaf Treated and Total 
Temperature moisture* wash^  leaf roots uptake^  Recovery 
.(C) (% of applied)^. 
15/20 SMFC 24.8 51.8 1.1 52.9 77.7 
Drought 50.8 33.7 1.0 34.7 85.5 
22/32 SMFC 49.0 31.5 0.8 32.3 81.3 
Drought 62.9 21.5 0.8 22.3 85.2 
LSD (0.05) 2.1 
*SMFC - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
T^he treated leaf was dipped for five minutes and rinsed with the 
scintillation cocktail at harvest. 
T^otal uptake is the combined radioactivity found in the treated 
leaf plus the radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
the additives (control, 28% N and COC) and time (12, 24 and 48 hours). 
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under HT the uptake was 34.9% and 54.1% in plants grown in LT (Figure 
10). 
The effect of the additives on herbicide uptake was also affected 
by the soil moisture content and the interaction was significantly at 
the 5% level (p-0.0105, Table 37 in the appendix). Fluazifop-F uptake 
alone or with additives was greater when the plants were grown in SMFC 
as compared to plants grown in soil under DS (Figure 11). Fluazifop-P 
applied alone was absorbed 34.5% by plants grown under SMFC but only 
22.3% when plants developed under DS conditions. The addition of 28% N 
to the herbicide improved uptake over the control. Higher uptake was 
obtained when plants grew under SMFC (42.6%) compared to plants grown 
under DS conditions (25.1%). The greatest herbicide uptake was 
obtained with the addition of COG to the herbicide when compared to the 
control or 28% N and higher uptake was obtained when plants were grown 
in SMFC (50.8%) compared to plants grown under DS (38.0%, Figure 11). 
The interaction of additive by time was significant (p-0.0369, 
Table 37 in the appendix). The highest herbicide uptake was obtained 
with COG regardless of the sampling time and the lowest absorption 
occurred when the herbicide was applied alone. The uptake with 28% N 
was intermediate (Figure 12). 
There was no significant effect of temperature on acifluorfen 
uptake ; velvetleaf grown under LT absorbed 19.2% of the applied 
herbicide and when grown under HT, the absorption was 19.9%. However, 
the soil moisture content in which velvetleaf were grown had a marked 
effect on acifluorfen absorption. Leaves absorbed 17.8% of the 
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herbicide when grown under SMFC and 21.3% when grown under DS; this was 
significant at the 1% level (p-0.0002, Table 38 in the appendix). 
The effect of additives on acifluorfen uptake was influenced by the 
temperature and the soil moisture. The interactions of temperature by 
additive and soil moisture by additive were statistically significant 
(p-0.0001, Table 38 in the appendix). Plants grown under LT absorbed 
less acifluorfen when compared to plants grown under HT when either CGC 
or when the herbicide was applied alone. Conversely, with 28% N plants 
from LT absorbed more herbicide compared to plants from HT (Figure 13). 
There was a higher acifluorfen uptake with 28% N compared to CGC or the 
control treatment under either temperature regime. 
Velvetleaf grown under DS or in SMFC absorbed about the same 
amount of acifluorfen when the herbicide was applied alone or with CGC. 
However, with 28% N velvetleaf absorbed more acifluorfen when plants 
were grown under DS conditions (48.9%) as compared to plants grown in 
SMFC (38.5%). The herbicide treatment without additive was absorbed 
3.5% and 3.9% by velvetleaf and with CGC, the uptake was 11.3% and 
11.2% in plants grown under SMFC and DS, respectively (Figure 14). 
The use of 28% N gave the highest acifluorfen uptake regardless of 
sampling time when compared to CGC and the control. The lowest uptake 
occurred when the herbicide was applied without additives and herbicide 
penetration with COG was intermediate (Figure 15). Uptake with CGC was 
very rapid during the first 24 hours, however it leveled off after 
that. The uptake with the herbicide alone and with 28% N were linear 
with Increases in time (Figure 15). 
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Effect of radiation and soil moisture content 
In the bentazon uptake study, there was a significant Interaction 
of experiment by radiation (p-0.0001, Table 39 in the appendix). In 
the first experiment, a decrease in the radiation decreased the amount 
of bentazon absorbed; velvetleaf plants grown under high radiation 
absorbed 9.2% of the applied herbicide. The uptake was reduced to 4.7% 
and 2.5% when plants developed under medium and low radiation levels, 
respectively. Conversely, in the second experiment only the differences 
in uptake of bentazon between the high radiation and the medium or low 
radiation were significant. The difference in uptake between the 
medium and low radiation levels was not statistically significant 
(Table 17). 
An increase in the radiation level and soil moisture content 
resulted in a significant increase in bentazon uptake. Velvetleaf 
absorbed 8.2%, 4.4% and 3.4% of the applied bentazon when plants were 
grown under high, medium and low radiation levels, respectively. 
Plants absorbed 6.2% of the herbicide when grown in SMFC but only 4.5% 
when grown under DS (Table 18). The Interaction of radiation by soil 
moisture was significant at the 5% level (P-0.0104, Table 39 in the 
appendix) indicating that absorption of bentazon was affected by the 
radiation and the soil moisture content. Velvetleaf plants, regardless 
of radiation, absorbed more bentazon when the plants were grown in SMFC 
than when grown under DS (Table 19). 
81 
Table 17. Effect of radiation prior to herbicide application on 
velvetleaf uptake of ^ C^-bentazon 
Experiment 
Radiation levels* First Second 
•<%)•  
High 9.2 7.2 
Medium 4.7 4.0 
Low 2.5 4.3 
LSD (0.05) 0.9 0.7 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s"^  m"2 of photosynthetically active radiation. 
The effect of the additives on bentazon uptake was affected by the 
radiation under which the plant was grown. This interaction of 
radiation by additive was significant (p-0.0001, Table 39 in the 
appendix). Absorption with COG was higher in the three radiation 
regimes compared to absorption with 28% N or without any additive. The 
lowest absorption was obtained when the herbicide was applied without 
additives. A decrease in radiation during plant development resulted 
in a decrease in additive efficacy and was more pronounced in plants 
grown under high radiation compared to plants grown under the medium or 
low radiation levels (Figure 16). 
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Table 18. Effect of radiation and soil moisture prior to herbicide 
application on velvetleaf uptake of ^ C^-bentazon 
Environmental parameter Distribution of radioactivity 
Shoots 
Leaf Treated and Total 
wash* leaf roots uptake" Recovery 
Treatment /% of 
Radiation level^  High 89.7 7.6 0.6 8.2 97.9 
Medium 92.3 3.8 0.5 4.4 97.7 
Low 94.2 3.1 0.3 3.4 96.7 
LSD (0.05) 0.5 
Soil moisture^  SMFC 90.5 5.7 0.5 6.2 96.7 
Drought 93.6 4.0 0.4 4.5 98.1 
LSD (0.05) 0.4 
*The treated leaf was dipped for five minutes and rinsed with 
scintillation cocktail at harvest. 
T^otal uptake is the combined radioactivity found in the treated 
leaf plus radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
time. 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 /imol s'^  m'^  of photosynthetically active radiation. 
®SMFC - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
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Table 19. Effect of radiation and soil moisture prior to herbicide 
application on velvetleaf uptake of ^ C^-bentazon 
Envtrpningntfll parametsr Distribution of radioactivity 
Shoots 
Radiation Soil Leaf Treated and Total 
levels® moisture'' wash° leaf roots uptake^  Recovery 
(% of applied)®. 
High SMFC 86.5 9.4 0.6 10.0 96.5 
Drought 92.9 5.8 0.6 6.4 99.3 
Medium SMFC 92.3 4.1 0.6 4.7 97.0 
Drought 92.3 3.6 0.5 4.0 96.3 
Low SMFC 92.8 3.5 0.3 3.9 96.7 
Drought 95.7 2.8 0.2 3.0 98.7 
LSD (0.05) 0.6 
®SHFC - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
R^adiation: high «• 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s'^  m"2 of photosynthetlcally active radiation. 
T^he treated leaf was dipped for five minutes and rinsed with 
scintillation cocktail at harvest. 
T^otal uptake Is the combined radioactivity found In the treated 
leaf plus radioactivity recovered In the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
time. 
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The enhancement of bentazon uptake by additives was also affected 
by the soil moisture content. The three additive treatments were less 
effective when the plants were grown under DS than when plants were 
grown in SMFC. The decrease in uptake was 0.1%, 1.4%, and 3.3% for the 
control, 28% N and COG treatments, respectively, when plants were grown 
under DS conditions (Figure 17). 
The percentage of bentazon uptake Increased with time for all 
radiation regimes, however the Increase was greater in plants grown 
under high radiation when compared to plants grown under medium or low 
radiation (Figure 18). This interaction was significant at the 1% 
level (p-0.0030. Table 39 in the appendix). 
Bentazon uptake with COG was greater at any sampling time when 
compared to uptake with 28% N or the control. The lowest uptake was 
obtained when the herbicide was applied without additives. The 
relative rate of uptake was higher with GOG than with 28% N or the 
control (Figure 19). 
The Interaction of radiation by soil moisture for aclfluorfen was 
highly significant (p-0.0009. Table 40 in the appendix). Plants grown 
under high radiation and DS absorbed more aclfluorfen than plants grown 
in SMFG. However, when plants were grown under medium or low radiation 
more herbicide was absorbed by plants grown In SMFC than those grown 
under DS. Plants grown in SMFG absorbed more herbicide with a decrease 
in the radiation level, however if grown under DS, more herbicide was 
absorbed with an Increase in radiation. Plants grown in SMFG absorbed 
18.3%, 20.9%, and 23.4% of the applied aclfluorfen when grown under 
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high, medium and low radiation, respectively. When plants were grown 
under DS, the absorption was 21.6%, 17.1% and 15.8% for plants from the 
high, medium and low radiation, respectively (Figure 20). 
Acifluorfen uptake remained relatively constant under all three 
radiation regimes when the herbicide was applied alone. However, the 
uptake without additive treatments varied accordingly to the radiation 
level. The highest absorption (46.1%) was obtained with the 28% N in 
plants grown under medium radiation, with the uptake in plants from 
high and low radiation levels being similar (41.1% and 40.7%, 
respectively). The additive COG had the lowest absorption in plants 
from medium radiation level (7.9%) compared to plants from high (14.6%) 
or low (12.8%) radiation levels (Figure 21). 
The interaction of soil moisture by additive was significant 
(p-0.0085, Table 40 in the appendix). All additive treatments were 
less effective in enhancing acifluorfen uptake when plants were grown 
under OS compared to plants grown in SMFC. This decrease in additive 
efficacy was more pronounced with 28% N than with the control or COG 
treatment (Figure 22). 
The effect of additives on acifluorfen uptake was influenced by 
the radiation regimes before the herbicide application. In plants 
grown in SHFG, acifluorfen uptake without additives was the lowest in 
plants from medium radiation (3.0%) and the highest in plants from high 
radiation (7.3%). The addition of 28% N resulted In the lowest uptake 
in plants from high radiation (36.2%) and the highest absorption in 
plants from medium radiation (51.3%). The addition of GOG gave the 
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highest uptake in plants from high radiation levels (14.7%) and the 
lowest In plants from medium radiation (8.4%). 
The effect of 28% N was clearly superior to the control and CDC 
treatments In enhancing aclfluorfen uptake regardless of the sampling 
time. The herbicide applied alone was not absorbed In great quantities 
and the uptake remained relatively constant over time (Figure 23). 
Absorption of fluazlfop-P by giant foxtail, as affected by the 
radiation, varied by experiment and was significant (p-0.0068, Table 41 
In the appendix). Plants absorbed less herbicide as the radiation 
level was decreased; however, the decrease In absorption was greater in 
the first experiment compared to the second experiment. Uptake in the 
first experiment was 30.1%, 25.1% and 21.2% in plants from the high, 
medium and low radiation, respectively; in the second experiment uptake 
was 24.4%, 22.2% and 20.3% for the same radiation levels. In both 
experiments, the differences among the three radiation levels were 
significant according to the LSD test (Table 20). 
The effect of radiation and soil moisture content were 
significant; an Increase in the radiation level and soil moisture 
content resulted In an Increase in fluazlfop-P uptake. Giant foxtail 
absorbed 27.3%, 23,6% and 20.8% of the applied herbicide when plants 
were grown under high, medium and low radiation, respectively. Plants 
grown in SHFC absorbed 25.9% of the applied herbicide but only 21.9% 
when grown under DS (Table 21). Â reduction in fluazlfop-P absorption 
was observed for all radiation levels when plants were grown under DS 
compared to plants grown in SMFC. This decrease was more pronounced 
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Table 20. Effect of radiation prior to herbicide application on giant 
foxtail uptake of ^ C^-fluazifop-P 
Radiation levels* 
Experiment 
First Second 
-(%)-
High 
Medium 
Low 
30.1 
25.1 
21.2 
24.4 
2 2 . 2  
20.3 
LSD (0.05) 1.8 1 . 6  
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s~^  m'^  of photosynthetically active radiation. 
for plants from the high radiation treatment. At high radiation 
levels, absorption decreased from 32.2% to 22.3%, under medium 
radiation decreased from 24.7% to 22.7% and in the low radiation level 
the decrease was from 22.8% to 20.7% for SHFC and DS treatments, 
respectively (Table 22). 
There was a significant decrease in additive efficacy when the 
herbicide was applied to plants grown in reduced radiation levels. 
Uptake in the control treatment decreased from 21.4% to 16.4% to 13.8%. 
With the 28% N the uptake decrease form 25.5% to 21.7% to 16.5% and 
with the COG treatment the absorption dropped from 34.9% to 32.9% to 
32.1% for plants grown under high, medium and low radiation levels, 
respectively. The reduction in absorption with decreasing radiation 
was less pronounced when the CDC was used as additive compared with the 
control or 28% N treatments (Figure 24). 
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The Interaction of soil moisture by additive was significant at 
the 1% level (p-0.0001, Table 41 in the appendix). The addition of 28% 
N or COC to fluazifop-F increased uptake when compared to the control. 
Soil moisture content during plant development also affected the amount 
of herbicide absorbed. Higher uptake was obtained when plants were 
grown in SMFC compared to grown under DS; COC was least affected by the 
DS with only a 1.1% reduction in uptake. However a 7.6% fluazifop-P 
uptake reduction was observed for 28% N (Figure 25). 
Giant foxtail plants grown under high radiation absorbed more 
fluazifop-P compared to plants from medium or low radiation levels 
regardless of the sampling time. Plants grown under medium or low 
radiation levels demonstrated similar uptake 12 hours after treatment 
(16.0% and 15.6%, respectively). However, with an Increase in time 
after application, the difference in absorption became larger (33.7% 
and 27.3 %) in plants from both radiation levels (Figure 26). 
The soil moisture by time interaction was significant at the 1% 
level (p-0.0002. Table 41 in the appendix). Fluazifop-P uptake was 
reduced in plants grown under DS when compared to plants grown in SMFC 
and the difference became more evident with an increase in time after 
the herbicide application (Figure 27). 
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Table 21. Effect of radiation and soil moisture prior to herbicide 
application on giant foxtail uptake of ^ C^-fluazlfop-P 
Distribution of radioactivity 
Shoots 
Leaf Treated and Total 
Environmental parameter wash* leaf roots uptake^  Recovery 
Treatment (% of applied)' 
Radiation leyel^  High 
Medium 
Low 
LSD (0.05) 
Soil moisture content® SMFC 
Drought 
LSD (0.05) 
56.0 26.4 0.8 27.3 83.2 
60.7 23.1 0.6 23.6 84.4 
63.9 20.3 0.5 20.8 84.6 
1.2 
57.5 25.3 0.6 25.9 83.5 
62.8 21.2 0.6 21.9 84.7 
1.0 
*The treated leaf was dipped for five minutes and rinsed with 
scintillation cocktail at hairvest. 
T^otal uptake Is the combined radioactivity found In the treated 
leaf plus radioactivity recovered In the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
time. 
R^adiation; high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s'^  m'^  of photosynthetlcally active radiation. 
®SMFC - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
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Table 22. Effect of radiation and soil moisture prior to herbicide 
application on giant foxtail uptake of ^ C^-fluazlfop-P 
Environmental parameter Distribution of radloaetlvltv 
Soil _ Shoots 
Radiation moisture Leaf Treated and Total 
level* content^  wash® leaf roots uptake* Recovery 
(% of applied)® 
„ High SMFC 49.1 31.4 0.9 32.2 81.3 
Drought 62.9 21.5 0.8 22.3 85.2 
Medium SMFC 59.1 24.2 0.5 24.7 83.9 
Drought 62.3 22.0 0.6 22.6 84.8 
Low SMFC 64.4 20.4 0.4 20.8 85.2 
Drought 63.4 20.2 0.6 20.7 84.1 
LSD (0.05) 2.3 
R^adiation: high - 90 to 812, medium - 90 to 390 and low - 90 to 
145 pmol s*^  m~^  of photosynthetlcally active radiation. 
S^MFC - soil moisture at field capacity, drought - drought stress 
of -5 to -10 bars. 
°The treated leaf was dipped for five minutes and rinsed with 
scintillation cocktail at harvest. 
T^otal uptake is the combined radioactivity found in the treated 
leaf plus radioactivity recovered in the shoots and roots. 
P^ercentages are averages of two experiments and are averaged over 
time. 
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Herbicide Losses 
Losses of l^ c-herblcldes due to photodecomposltlon and/or 
volatility were measured by applying the herblclde/addltlve solutions 
on glass slides which were placed In a growth chamber under the same 
conditions used for the herbicide uptake experiment. After 12, 24 and 
48 hours the amount of radioactivity remaining on the glass slides was 
determined and the difference attributed to photodecomposltlon and 
volatility losses. 
Bentazon losses were affected by the type of additive and by the 
time that the herbicide was exposed to the environment In the growth 
chamber. Less herbicide was lost when COG was the additive compared to 
28% N or the control. The Interaction of additive by time was 
statistically significant (p-0.0126. Table 42 in the appendix). Higher 
bentazon losses at 12 hours were observed with 28% N compared to the 
control, however after 24 hours more herbicide was lost with the 
control than when 28% N was included. Bentazon losses stabilized after 
24 hours when no additive was included in the spray. However with 28% 
N and COG, the amount of herbicide lost was greater after 24 hours than 
after 12 hours. 
Losses of fluazifop-P were significantly affected by the 
additives and by time. When the percentages of herbicide lost were 
averaged over time, COG significantly reduced the amount of herbicide 
lost when compared to 28% N or the control. Losses were 3.1%, 4.9% and 
5.4% for GOG, 28% N and the control, respectively (Table 23). Although 
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the addition of 28% N to fluazifop-F reduced the amount of herbicide 
lost compared to the control, this difference was not statistically 
significant. 
Table 23. Effect of additives on herbicide losses from glass slides 
Herbicide losses 
Additives* Bentazon Fluazifop-P Acifluorfen 
(%) 
Control 
28% N 
COC 
LSD (0.05) 0.8 0.8 1.2 
2.3 
3.1 
1.5 
5.4 
4,7 
3.1 
9.1 
5.4 
6.4 
C^ontrol - no additive, 28% N - urea ammonium nitrate and COC -
crop oil concentrated with 83% phytobland paraffinic oil and 17% 
surfactant. 
Fluazifop-P loss, when averaged across additives, increased with 
time; the losses were 2.4%, 3.8% and 7.2% at 12, 24 and 48 hours after 
application, respectively. The effect of time on fluazifop-P loss was 
highly significant (P-0.0001, Table 43 in the appendix). 
Acifluorfen losses were significantly reduced with respect to the 
control when 28% N or COC were added to the herbicide (Table 23). 
99 
Losses for the control treatment were 9.1%, however the addition of 28% 
N or COG reduced the losses to 5.4% and 6.6%, respectively. The 
difference In percentage of aclfluorfen lost for 28% N or COG were not 
statistically significant. The percentage of aclfluorfen lost averaged 
over additives increased with time and was statistically significant 
(P-0.0001, Table 44 in the appendix). After 12, 24 and 48 hours after 
aclfluorfen application, the losses were 5.3%, 7.2% and 8.6% 
respectively. 
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DISCUSSION 
Eplcutlcular Vax Deposition 
Changes in eoicutlcular wax quantity 
The amount of ECW formed by velvetleaf and giant foxtail in the 
field, greenhouse and growth chamber was affected more by the soil 
moisture content than by the radiation. In all studies, plants grown 
under DS formed more ECW than plants grown with soil moisture at, or 
near field capacity. Similar results have previously been reported in 
oats (Bengtson et al., 1978), peas (Hunt and Baker, 1982) and apples 
(Darnell and Ferree, 1983). 
Plants are capable of minimizing damage during stress conditions 
by an avoidance mechanism which consists of constructing barriers 
between the stress and the living cells. One of these barriers is the 
ECW, which causes a reduction in the net radiation load of the canopy 
as well as a reduction in cuticular transpiration and an improvement of 
stomatal control over transpiration (Blum, 1979). All of these factors 
represent an advantage against water loss when the plant is under DS. 
Therefore, the increase in ECW can be due to a plant response to 
protect itself. Increased ECW can be attributed to variations in rate 
of leaf ECW production or to changes in leaf expansion while the 
relative ECW production remains unchanged. No conclusion can be 
reached as to which mechanism is important, or how they interact, given 
the scope of this investigation. 
Deposition of ECW on velvetleaf in the field decreased as plants 
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became older. The 10% decrease observed for each successive week of 
growth was probably due to the plant overcoming the stress imposed by 
DS conditions by increasing root depth. This effect was not observed 
in giant foxtail and was likely because of the difference in the growth 
habit of the root system. The velvetleaf taproot system should 
penetrate deeper into the soil as compared to the fibrous root system 
of giant foxtail, thereby reaching more soil water. Young plants have 
a root system which is limited to a small volume of soil and are very 
sensitive to DS. As plants grow, the root system becomes more 
extensive and plants are able to reach a larger reservoir of soil water 
(Taylor 1957). Therefore, the plant would be less affected by the DS 
and consequently ECW deposition. 
The reduction in ECW observed with a reduction in solar radiation 
can be the result of an increase in leaf surface area under low 
radiation while the rate of ECW remains constant. This response to 
radiation has been reported in peas (Hunt and Baker, 1982), brussel 
sprouts (Whitecross and Armstrong, 1972) and barley (Giese, 1975). 
The effect of reduced solar radiation on velvetleaf was 
significant in the field but not in the greenhouse or growth chamber 
study. This could be attributed to plant responses to the lack of 
ultraviolet radiation and wind in the greenhouse or growth chamber 
which could influence ECW formation. Previous workers have also found 
no effect of radiation on ECW deposition under growth chamber 
conditions in apple leaves (Darnell and Ferree, 1983) and barley or 
wheat (Hunt and Baker, 1983). 
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Giant foxtail ECW formation decreased according to the SEM 
micrograph (Figure 8), when radiation was reduced. However, ECW 
quantification did not show significant differences. This discrepancy 
can be attributed in part to the ECW extraction procedure rather than a 
treatment effect. Although leaf thickness was not determined, it was 
observed that leaves grown under reduced radiation were thinner than 
leaves from high radiation. This effect has been reported in field 
bindweed leaves (Sherrlck et al., 1986) and Plectranthus narvlflorus 
Henckel (Nobel, 1977). The thinner leaves had water-soaked like areas 
after the chloroform immersion. Thus, leaf internal material was 
likely being extracted and resulted in an Increase in the apparent ECW 
values. The optimum Immersion time was determined for leaves grown in 
full solar radiation under field conditions; a lower optimum immersion 
time may have been obtained for leaves grown under reduced radiation. 
Thus, if leaves which possess different quantities of ECW are subjected 
to the same chloroform immersion time, there is the possibility that 
internal materials could be extracted from the leaf with less ECW, 
which could increase the apparent quantity of ECW. Studies of this 
nature should be Included to determine an optimum immersion time for 
leaves from each treatment in order to compensate for the differences 
in ECW and cuticle thickness. The ECW appears as plates and this can 
be due to the high proportion of primary alcohols which favors this 
particular structure (Lundqvlst et al., 1968). 
In the greenhouse study, the decrease in total ECW deposited in 
velvetleaf from the first to the third experiment is attributed to a 
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decrease in natural photoperiod and solar radiation. During the first 
experiment, the average natural photoperiod was 15:01 hours, in the 
second and third experiment the photoperiod decreased to 13:48 and 
12:25 hours, respectively. The Ames average daily solar radiation was 
521, 419 and 300 langleys/day during the first, second and third 
experiment, respectively. Giant foxtail ECW formation was not affected 
by the photoperiod, indicating that this effect may be species 
specific. A decrease in photoperiod has been shown to reduce the 
quantity of ECW formed on leaves of sicklepod (Wilkinson, 1974). 
Velvetleaf and giant foxtail plants grown in LT had greater 
quantity of ECW than plants grown in HT; a 71% increase was observed in 
velvetleaf and a 40% in giant foxtail (Table 5). Similar Increases 
have been reported on brussels sprouts (Reed and Tukey, 1982) and 
tobacco (Wilkinson and Kasperbauer, 1980), and has been attributed to 
different rates of leaf expansion. Plants grown under LT required one 
more week to reach full expansion than plants grown under HT. 
Therefore, plants can have greater quantity of ECW because the rate of 
leaf expansion is different. Plants biochemical reactions are affected 
by the temperature, thus the relatively low temperature could have 
affected the mechanism regulating the ECW formation and consequently 
the rate of ECW formation. 
Ghanggg in epicvtipvlar vmx chemifBl somppsition 
The changes observed in velvetleaf and giant foxtail ECW chemical 
composition are presumed to be induced by the environment. Plants 
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change chemical process as a response to the environment. Changes In 
temperature, radiation and soil moisture would likely affect ECW 
regulating mechanisms causing shift In the ECW chemical components. 
These changes In ECW chemical composition due to the environment have 
been reported by Baker (1974), Glese (1975) and Wilkinson (1972). 
Variation In radiation caused a shift In secondary alcohols and 
esters In velvetleaf and fatty acids, primary alcohols, aldehydes, 
esters and the hydrocarbons components of giant foxtail. Radiation has 
been shown to Increase the synthesis of hydrocarbons and secondary 
alcohols In Brasslea oleracea L. and decrease synthesis of aldehydes 
and esters (Macey, 1970). These results agree with the findings of 
this study. Conditions of DS, HT and high radiation may Induce plant 
stress such that water conservation becomes a priority. In velvetleaf 
and giant foxtail, the hydrocarbon content Increased when plants were 
under DS, HT and high radiation. The Increase in hydrocarbons might 
also help conserve water because of a reduction in cutlcular 
transpiration. Velvetleaf plants demonstrated a significant Increase 
in secondary alcohols when plants were grown under high radiation; this 
may also help reduce water losses. 
In giant foxtail, fatty acids decreased for plants grown under DS 
or low radiation. This decrease would likely help conserve water 
because fatty acids do not restrict cutlcular water movement very 
effectively (Baker and Bukovac, 1971). 
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Relationship of Herbicide Uptake and Eplcutlcular Wax 
All of the velvetleaf cell surface appeared to be covered by the 
ECW which consisted of a smooth film deposited over the cell (Figure 
7). Similar patterns have been observed on cherry laurel fPrunus 
laurocerasus L.) by Davis (1971). Bentazon and aclfluorfen uptake 
without additives was the same regardless of the temperature or soil 
moisture content (Figures 7, 8, 13 and 14). This suggests that the ECW 
of velvetleaf Is very effective In restricting bentazon and aclfluorfen 
uptake regardless of changes In ECW quantity or quality when no 
additives are Included with the herbicide. As Baker and Bukovac (1971) 
stated: "The quantity of surface wax In not critical provided that the 
entire surface Is covered. Even a mono-molecular layer of wax Is 
sufficient to markedly reduce wetting". 
However, when 28% N or COC were added to bentazon and aclfluorfen, 
the uptake Increased relative to the control. The Increase Is likely 
due to greater herbicide losses due to photodecomposltlon and/or 
volatility In the control compared to the additive treatments (Table 24 
In the appendix) and to chemical and physical Interactions between the 
ECW and the additives. The uptake with 28% N was greater In plants 
grown under LT than In plants grown under HT (Figures 7 and 13). Plant 
grown In LT formed more ECW than plants grown under HT. Thus the 
quantity of the ECW was not a physical barrier to bentazon and 
aclfluorfen uptake when 28% N was added to the spray. On the contrary, 
plants with greater ECW content absorbed more herbicide. The changes 
In ECW chemical composition can In part explain this result; 
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hydrocarbons strongly Impede the passage of water, but the esters are 
less effective (Baker and Bukovac, 1971). The ECW formed in HT had 
more hydrocarbons and fewer esters than leaves grown In LT. This makes 
the ECW formed in LT more hydrophilic than the ECW formed under HT and 
thus potentially favors herbicide penetration. There is also the 
possibility of a direct effect on the physical and chemical properties 
of the cuticle membrane. Yamada et al. (1965) reported that urea leaf 
penetration possibly resulted from a change in the structure of the 
cuticular membrane induced by the urea, rather than an effect of simple 
diffusion. Nitrate ions are absorbed by leaves (Leece and Kenworthy, 
1972), therefore a co-penetration of the 28% N and the herbicide can 
explain the increase in herbicide uptake with the additive 28% N. 
Bentazon uptake with COG was lower in LT grown plants than in HT 
grown plants. Plants grown in LT had more ECW, but less bentazon 
uptake, than plants grown in HT. Thus the increase in quantity of ECW 
restricted herbicide penetration. Barrentine and Warren (1970) 
proposed that oils increase penetration of herbicides by leaving an oil 
film on the plant surface thus softening the cuticle. This was found 
to be true in wild oats (Whitehouse et al., 1982), barley and wheat 
(Hunt and Baker, 1983). Further research showed that CGC dissolves the 
ECW in velvetleaf, which was redeposited in a random manner leaving 
some areas free or with a reduced amount of ECW (Kuzych and Meggitt, 
1983). Surfactants alone have also been found to disrupt ECW 
(Whitehouse et al., 1982). The amount of ECW that can be dissolved 
depends on the oil and surfactant concentration. Therefore, an 
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Increase in the amount of ECW while the oil/surfactant (COG) 
concentration remained constant would likely cause a saturation of the 
EGW dissolving capability of COG resulting in more ECW remaining 
undissolved and consequently reducing herbicide uptake. 
The ECW formed under LT was assumed to be more hydrophillc than 
the leaves grown under HT due to the decrease in hydrocarbons and 
increase in ester components. This favors leaf wetting and herbicide 
penetration. However, bentazon and aclfluorfen uptake with COG was 
reduced in LT grown leaves. Therefore, it is believed than the 
chemical interactions between the ECW and the herblclde/COG solution 
have no effect on bentazon uptake or that the effect is overridden by 
the COG ability to dissolve the ECW. 
Velvetleaf absorbed less bentazon with either 28% N or COG when 
grown under DS than in SMFC. This is assumed to be due to the 71% 
increase in EGW deposition under DS when compared to SMFG and to the 
Increase in hydrophobic properties of DS grown leaves which 
demonstrated higher hydrocarbon and lower ester content. Herbicides 
can be absorbed through the stomata (Davles et al., 1983). Thus the 
degree that they open or the variation in their number would Influence 
herbicide uptake (King and Radosevich, 1979). Therefore, the results 
from these experiments may be partly attributed to reduced stomatal 
opening in DS plants even after watering. A period of DS on tobacco 
and broad bean (Vicia faba L.), even when followed by watering, 
continued to have an inhibitory effect on the ability of stomata to 
fully open, in response to radiation. Plants take from two to five 
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days to fully recover this ability (Fischer et al., 1970). 
Aclfluorfen responded differently than bentazon with 28% N; higher 
uptake was obtained in DS plants which had more ECW and were believed 
to be more hydrophobic. Anatomical or physiological changes could 
cause this effect. Higher chlorophyll content is usually found in DS 
plants which would provide more sites for photosynthetlc activity and 
consequently herbicide action (Merrlt 1983). Herbicides may become 
associated with the ECW (Whitehouse et al., 1982), and a greater ECW 
content would result in higher amount of herbicide bound to the ECW. 
Therefore, more herbicide could have been retained in the ECW of plants 
grown under DS than in the ECW of plants grown in SHFC. 
Bentazon uptake without additives was linear with time. However, 
with 28% N and COG, the rate of uptake varied with time (Figure 11). 
Herbicide penetration is in part by simple diffusipn, thus rates of 
uptake are proportional with time. The uptake in the control followed 
this pattern, however when additives were incorporated, the uptake 
rates changed. This is an indication that simple diffusion alone can 
not account for the observed increase in uptake rate. Perhaps when the 
28% N penetrated the cuticle, it carried the herbicide, increasing the 
penetration rate. 
The rates of bentazon uptake in SHFC or DS grown velvetleaf are 
not affected by time; however, the uptake rate is higher in SMFC than 
in DS plants (Figure 12). The lower uptake rate in DS plants is 
attributed to the Increased amount of ECW. This Increase would 
decrease uptake because the herbicide would have to traverse a longer 
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path to reach the cells. This can also be a result of a decrease in 
the ability of DS grown plants to fully open the stomata following the 
DS period (Fischer et al., 1970). 
Greater fluazifop-P uptake was obtained with 28% N and COG than 
with the control regardless of the temperature and soil moisture 
regime. Increases of fluazifop-P uptake with additives have been 
reported by Nalewaja and Skrzypczak (1986) and Wills and McWhorter 
(1983) and has been attributed, in part, to smaller herbicide losses 
due to volatility, when additives are included with the herbicide. 
Plants grown under LT or SMFC absorbed more fluazifop-P than plants 
grown under HT or DS, regardless of the additive (Figures 15 and 16). 
Plants grown under LT had 40% more ECW (Table 7) and higher aldehyde 
content than plants grown in HT (Table 5), which may have made the ECW 
more hydrophobic. Therefore, the increased uptake is not explained by 
the ECW acting as a physical or chemical barrier. Probably the 
increase in uptake is due to anatomical or physiological changes in LT 
grown plants that made them more susceptible to herbicide penetration. 
An increase in the number of stomata or a decrease in cuticle thickness 
could occur in light grown plants. 
Anatomical and physiological changes which occur as a result of 
environment can affect herbicide uptake. Kowalczyk et al. (1983) 
showed that difenzoquat (l,2-dimethyl-3,5-diphenyl-lH-pyrazolium) 
inhibited DNA synthesis more in plant tissues grown in HT than grown in 
LT regime. The differences could not be attributed to the ECW 
affecting uptake or transport of the herbicide. Thus this difference 
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was attributed to physiological changes caused by the temperatures that 
affected the herbicide susceptibility of the tissue. The temperature 
treatments in the present study could have caused physiological changes 
that affected the herbicide uptake. 
The decrease in uptake for DS plants compared to SMFC grown 
plants, regardless of the growth temperature, is attributed to the 
Increase in the amount of ECW and to the hydrophobic properties of DS 
grown plants. The same response to fluazifop-F by DS has been reported 
by Chandrasena and Sagar (1986) and Kells et al. (1984) on quackgrass 
FAeroovron reoens (L.) Beauv.]. The DS caused a 34% Increase in ECW 
(Table 5) and a six fold increase in the hydrocarbon content, however 
also caused a decrease of 31% in the fatty acids and 36% in the primary 
alcohols content (Table 11). The observed changes in ECW composition 
would make the ECW very hydrophobic thus restricting wetting and 
subsequent herbicide penetration. 
The decrease in bentazon uptake with a decrease in radiation 
(Table 12) was not an effect of the ECW quantity. Under the three 
radiation regimes, the ECW deposition was similar. However, the 
proportions of secondary alcohols Increased when the radiation level 
Increased making the ECW more hydrophilic, thus possibly facilitating 
herbicide penetration. 
Other anatomical changes Induced by the environmental factors 
could have affected herbicide uptake. In some plants the cuticle 
thickness Increases with a decrease in radiation (Reed and Tukey, 
1982). In others, the thicker cuticle promoted by radiation is more 
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permeable to herbicide than the thin cuticle formed in reduced 
radiation levels (Cook et al., 1979). If this is the case, then the 
cuticle formed under the lower radiation levels could have restricted 
bentazon uptake in these studies. The greater herbicide uptake in 
plants grown under high radiation compared to plants grown under 
reduced radiation could be attributed to possible changes in the number 
of stomata. The stomatal density has been found to be greater in 
plants growing in full solar radiation than in leaves grown in 92% 
shade (Cooper and Quails, 1967). This higher number of stomata would 
likely favors herbicide uptake (Sargent and Blackman, 1962). 
Bentazon uptake in the control was not affected by DS, but the 28% 
N and the COC were less effective in enhancing penetration when plants 
were grown under DS. The reduced uptake is likely due to the higher 
ECW amount. 
The greater bentazon uptake observed in plants grown under high 
radiation compared to reduced radiation is possibly an effect of the 
greater amount of secondary alcohols. An increase in secondary 
alcohols would make the leaf more permeable to herbicides. Anatomical 
changes such as cuticle thickness and stomatal density would likely 
affect the rate of uptake as previously explained. Aclfluorfen uptake 
by SMFG or DS grown plants varied with the radiation level. 
Differences in uptake are not attributed to the amount of ECW or 
changes in chemical composition since the differences were not 
significant or were very small. Therefore, the differences are 
probably due to leaf anatomical or physical changes Induced by the 
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environment. 
The enhancement of aclfluorfen uptake with 28% N compared to COG 
and the control Is attributed to changes In the spray characteristics 
(decrease In surface tension, changes In density, viscosity, volatility 
and solubility; Hull et al., 1982). Bentazon uptake was greater with 
COG than with 28% N regardless of the radiation regime. However, with 
aclfluorfen the opposite was true. This Is probably an effect of the 
additive rate; with bentazon the COG used rate was 2.3 1/ha, but only 
0.5 1/ha with aclfluorfen. The aclfluorfen uptake observed In plants 
grown In SMFC and under DS conditions Indicates that velvetleaf EGW Is 
very effective restricting aclfluorfen uptake. 
The decreased fluazlfop-F uptake as the radiation decreased (Table 
15) Is not attributed to the Increased In EGW deposition because less 
herbicide was absorbed by plants with less EGW. Giant foxtail grown 
under different radiation regimes had similar amount of EGW deposition. 
Therefore, the differences In uptake observed In plants grown under 
different radiation regimes is not attributed to quantity of ECW. 
Several ECW chemical classes were affected by the radiation. However, 
the changes were small and a particular chemical component was not 
affected. Therefore, the differences in uptake are not due to changes 
in quantity or quality of EGW. The uptake changes are likely due to 
anatomical or physiological changes Induced by the radiation regimes. 
The decrease in fluazlfop-P uptake in DS grown plants compared to 
SMFC grown plants is attributed to the greater amount of ECW formed and 
the hydrophobic properties of the ECW. The high hydrocarbon content, 
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the low fatty acid and primary alcohol content would likely make the 
ECW very hydrophobic. These factors would likely restrict fluazlfop-F 
uptake. 
The rates of fluazlfop-P uptake differed with time In plants grown 
under different radiation regimes and soil moisture content (Figures 34 
and 35). The differences In uptake can not be attributed to changes in 
quantity and quality of ECW, because these parameters should have 
remained the same over time. Fully developed leaves do not form new 
ECW (Leon and Bukovac, 1978). Therefore, the differences in uptake 
with time can be due to anatomical or physiological changes Induced by 
the environment during that developmental period. 
The difference in uptake between plants grown under SMFC and DS 
conditions was greater in plants grown under high radiation than in 
plants grown under lower radiation (Table 16). Plants under high 
radiation transpire more than plants under reduced radiation. Since 
plants were watered once dally, it is possible that plants under high 
radiation were under higher DS than plants under lower radiation. 
Therefore, this could explain the observed differences. 
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CONCLUSIONS 
The quantity and chemical composition of plant ECW is affected by 
environment. These changes affect herbicide penetration and 
consequently weed control. However, additives included with the 
herbicide may overcome the detrimental effect of the ECW although the 
mechanism of action is not understood. 
This study demonstrated that the quantity and chemical composition 
quality of velvetleaf and giant foxtail ECW is modified by changes in 
the environment. The quantity of ECW increases when plants are grown 
under drought stress and low temperature. The effect of radiation was 
less dramatic and varied according to where the study was conducted. A 
high radiation promoted ECW deposition in the field, but not in 
greenhouse or growth chamber conditions. 
In velvetleaf and giant foxtail, drought stress, low temperature 
and low radiation caused changes in the ECW chemical composition. The 
changes in hydrocarbon, fatty acids, primary alcohols, aldehydes and 
esters likely resulted in a shift of the hydrophobic properties of the 
ECW. An increase in hydrophobic properties of the ECW would likely 
reduce herbicide penetration. 
The addition of 28% N or COC to bentazon, acifluorfen and 
fluazifop-P increased uptake when compared to the herbicides applied 
alone. Herbicide uptake was partly dependent on the quantity and 
quality of the ECW, but not exclusively. Velvetleaf absorbed more 
bentazon with COC than with 28% N if the plants were grown under HT but 
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the opposite was true when plants were grown under LT. Possible 
changes in anatomical or physiological characteristics, rather than the 
quantity or quality of the ECW may explain some of the observed 
differences in herbicide uptake. 
The COG improved the uptake of all herbicides; however, an 
increase in ECW quantity reduced the beneficial effect of the COC. It 
is believed that the ECW is partly dissolved by the COC, thus enhancing 
herbicide uptake. The herbicide penetration with 28% N is not related 
to ECW quantity, but is likely influenced by changes in ECW chemical 
composition or possibly a co-penetration of the 28% N and the 
herbicide. 
Decreases in postemergence herbicide penetration due to 
environmental conditions cannot be attributed to changes in quantity 
and quality of the ECW alone. Rather, it is the ECW quantity and 
chemical composition quality, anatomical and physiological leaf 
characteristics, additives and herbicide properties and interactions of 
these which ultimately determine herbicide uptake. 
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APPENDIX 
Table 24. Analysis of variance of eplcutlcular wax deposition on 
velvetleaf under field conditions 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Block 3 5.85 1.71 0.2630 
Sampling 2 22.98 10.10* 0.0120 
Error (a) 6 6.83 
Soil moisture 1 11.26 13.00** 0.0008 
Solar radiation 2 7.66 4.42* 0.0177 
Soil moisture * a. radiation 2 2.75 1.58 0.2165 
Soil moisture * sampling 2 3.27 1.88 0.1637 
Solar radiation * sampling 4 6.89 1.99 0.1127 
Soil m. * sol. rad. * sampl. 4 7.49 2.16 0.0888 
Error 45 39.01 
Total 71 113.98 
Table 25. Analysis of variance of eplcutlcular wax deposition on 
giant foxtail under field conditions 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Block 3 36.95 1.06 0.4317 
Sampling 2 5.37 0.23 0.7999 
Error (a) '6 69.49 
Soil moisture 1 93.59 11.61** 0.0014 
Solar radiation 2 121.50 7.53** 0.0015 
Soil moisture * solar rad. 2 31.49 1.95 0.1538 
Soil moisture * sampling 2 10.88 0.67 0.5144 
Solar radiation * sampling 4 17.20 0.53 0.7120 
Soil m. * sol. rad. * sampl. 4 17.76 0.55 0.6996 
Error 45 362.88 
Total 71 767.11 
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Table 26. Analysis of variance of eplcutlcular wax deposition on 
velvetleaf In greenhouse experiments 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Block 2 35.51 2.07 0.2410 
Experiment 2 263.91 15.41* 0.0132 
Error (a) 4 34.25 
Soil moisture 1 600.60 120.94** 0.0001 
Solar radiation 2 24.70 2.49 0.1001 
Soil moisture * solar rad. 2 1.99 0.20 0.8196 
Soil moisture * experiment 2 26.67 2.69 0.0845 
Solar radiation * experiment 4 36.65 1.85 0.1462 
Soil m. * sol. rad. * exp. 4 16.68 0.84 0.5111 
Error 30 148.98 
Total 53 1189.94 
Table 27. Analysis of variance of eplcutlcular wax deposition on 
giant foxtail in greenhouse experiments 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Block 2 46.25 0.57 0.6072 
Experiment 2 162.00 1.98 0.2519 
Error (a) 4 163.26 
Soil moisture 1 1014.09 49.98** 0.0001 
Solar radiation 2 30.36 0.75 0.4819 
Soil moisture * solar rad. 2 3.74 0.09 0.9123 
Soil moisture * experiment 2 45.54 1.12 0.3388 
Solar radiation * experiment 4 110.97 1.37 0.2687 
Soil m. * sol. rad. * exp. 4 38.48 0.47 0.7543 
Error 30 608.72 
Total 53 2223.42 
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Table 28. Analysis of variance of eplcutlcular wax deposition on 
velvetleaf leaves as affected by temperature and soil 
moisture content In plants used for ^^C-bentazon uptake 
Source of Degrees of Sum of 
Variability freedom squares F value F value 
Experiment 1 3.40 2.40 0.1475 
Temperature 1 117.97 83.15** 0.0001 
Experiment * temperature 1 4.55 3.21 0.0985 
Error (a) 12 17.03 
Soil moisture 1 140.08 99.23** 0.0001 
Temperature * soil moisture 1 47.42 33.59** 0.0001 
Error 14 19.76 
Total 31 350.20 
Table 29. Analysis of variance of eplcutlcular wax deposition on 
velvetleaf leaves as affected by radiation and soil moisture 
content in plants used for ^ C^-bentazon uptake 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.44 0.42 0.5273 
Radiation 2 3.21 1.54 0.2417 
Experiment * radiation 2 0.53 0.25 0.8028 
Error (a) 18 18.80 
Soil moisture 1 56.57 46.07** 0.0001 
Radiation * soil moisture 2 5.24 2.13 0.1433 
Error 21 25.79 
Total 47 110.57 
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Table 30. Analysis of variance of eplcutlcular wax deposition on giant 
foxtail leaves as affected by temperature and soil moisture 
content In plants used for ^^C-fluazlfop-P uptake 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 3.83 1.40 0.2596 
Temperature 1 153.46 56.12** 0.0001 
Experiment * temperature 1 37.07 13.56** 0.0031 
Error (a) 12 32.81 
Soil moisture 1 99.94 17.76** ,0.0009 
Temperature * soil moisture 1 17.13 3.04 0.1029 
Error 14 78.78 
Total 31 423.03 
Table 31. Analysis of variance of eplcutlcular wax deposition on giant 
foxtail leaves as affected by radiation and soil moisture 
content in plants used for ^ C^-fluazlfop-P uptake 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 52.54 37.12** 0.0001 
Radiation 2 15.78 5.58* 0.0130 
Experiment * radiation 2 4.52 1.59 0.2224 
Error (a) 18 25.48 
Soil moisture 1 48.38 14.50** 0.0010 
Radiation * soil moisture 2 7.00 1.05 0.3677 
Error 21 70.06 
Total 47 223.77 
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Table 32. Analysis of variance of the effect of temperature and soil 
moisture content on ECW quality of velvetleaf 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Fatty acids 
Block 3 50.05 1.55 0.2683 
Temperature 1 34.51 3.20 0.1071 
Soil moisture content 1 9.45 0.88 0.3733 
Temperature * soil moisture 1 9.15 0.85 0.3808 
Error 9 96.98 
Total 15 200.15 
Primary Alcohols 
Block 3 818.56 20.30 ** 0.0002 
Temperature 1 9.15 0.68 0.4306 
Soil moisture content 1 6.38 0.47 4.5083 
Temperature * soil moisture 1 5.88 0.44 0.5249 
Error 9 120.95 
Total 15 960.91 
Secondary alcohols 
Block 3 25.83 0.59 0.6342 
Temperature 1 15.02 1.04 0.3352 
Soil moisture content 1 17.43 1.20 0.3011 
Temperature * soil moisture 1 5.18 0.36 0.5647 
Error 9 130.35 
Total 15 193.80 
Esters 
Block 3 24.42 2.76 0.1040 
Temperature 1 32.49 11.01 ** 0.0090 
Soil moisture content 1 21.16 7.17 * 0.0253 
Temperature * soil moisture 1 9.92 3.36 0.0999 
Error 9 26.56 
Total 15 114.56 
Hydrocarbons 
Block 3 490.84 54.55 ** 0.0001 
Temperature 1 25.25 8.42 * 0.0176 
Soil moisture content 1 50.06 16.69 ** 0.0027 
Temperature * soil moisture 1 0.28 0.09 0.7687 
Error 9 27.00 
Total 15 593.41 
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Table 33. Analysis of variance of the effect of radiation and soil 
moisture content on EGW quality of velvetleaf 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Fatty acids 
Block 3 96.25 1.35 0.2956 
Radiation 2 63.46 1.34 0.2925 
Soil moisture content 1 0.96 0.04 0.8434 
Radiation * soil moisture 2 35.51 0,75 0.4904 
Error 15 356.24 
Total 23 552.41 
Primary Alcohols 
Block 3 915.77 10.24 ** 0.0006 
Radiation 2 106.67 1.79 0.2011 
Soil moisture content 1 31.51 1.06 0.3203 
Radiation * soil moisture 2 18.78 0.31 0.7347 
Error 15 447.37 
Total 23 1520.10 
Secondary alcohols 
Block 3 45.38 1.43 0.2735 
Radiation 2 179.13 8.46 ** 0.0035 
Soil moisture content 1 0.30 0.03 0.8677 
Radiation * soil moisture 2 98.12 4.63 * 0.0271 
Error 15 158.78 
Total 23 481.71 
Esters 
Block 3 78.58 2.37 0.1112 
Radiation 2 180.81 8.19 ** 0.0039 
Soil moisture content 1 43.74 3.96 0.0651 
Radiation * soil moisture 2 6.94 0.31 0.7347 
Error 15 165.58 
Total 23 475.65 
Hydrocarbons 
Block 3 358.27 10.93 ** 0.0005 
Radiation 2 0.39 0.02 0.9823 
Soil moisture content 1 19.98 1.83 0.1963 
Radiation * soil moisture 2 26.72 1.22 0.3222 
Error 15 163.88 
Total 23 569.24 
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Table 34. Analysis of variance of the effect of temperature and soil 
moisture content on ECW quality of giant foxtail 
Source of Degrees of Sum of 
Variability freedom squares F value F value 
Fatty acids 
Block 3 168.29 6.69 * 0.0114 
Temperature 1 8.41 1.00 0.3428 
Soil moisture content 1 53.29 6.36 * 0.0327 
Temperature * soil moisture 1 27.56 3.29 0.1033 
Error 9 75.49 
Total 15 „ 333.04 
Primary Alcohols 
Block 3 183.65 5.84 * 0.0170 
Temperature 1 5.64 0.54 0.4819 
Soil moisture content 1 987.53 94.22 ** 0.0001 
Temperature * soil moisture 1 112 .'89 10.77 ** 0.0095 
Error 9 94.32 
Total 15 1384.03 
Aldehydes 
Block 3 51.57 2.89 0.0945 
Temperature 1 315.95 53.18 ** 0.0001 
Soil moisture content 1 28.36 4.77 0.0567 
Temperature * soil moisture 1 12.08 2.03 0.1877 
Error 9 53.47 
Total 15 
Esters 
461.42 
Block 3 114.88 12.64 ** 0.0014 
Temperature 1 6.00 1.98 0.1928 
Soil moisture content 1 5.29 1.75 0.2189 
Temperature * soil moisture 1 9.00 2.97 0.1189 
Error 9 27.26 
Total 15 , 
Unknown 
162.44 
Block 3 23.40 2.29 0.1467 
Temperature 1 47.96 14.10 ** 0.0045 
Soil moisture content 1 172.27 50.64 ** 0.0001 
Temperature * soil moisture 1 51.48 15.13 ** 0.0037 
Error 9 30.62 
Total 15 325.72 
Hydrocarbons 
Block 3 1.60 0.13 * 0.9412 
Temperature 1 6.38 1.53 0.2480 
Soil moisture content 1 796.65 190.68 ** 0.0001 
Temperature * soil moisture 1 16.61 3.97 0.0773 
Error 9 37.60 
Total 15 858.83 
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Table 35. Analysis of variance of the effect of radiation and soil 
moisture content on ECW quality of giant foxtail 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Fatty acids 
Block 3 160.88 9.58 ** 0.0009 
Radiation 2 135.00 12.06 ** 0.0008 
Soil moisture content 1 376.04 67.17 ** 0.0001 
Radiation * soil moisture 2 32.84 2.93 0.0841 
Error 15 83.97 
Total 23 788.73 
Primary Alcohols 
Block 3 183.20 10.15 ** 0.0007 
Radiation 2 498.37 41.41 ** 0.0001 
Soil moisture content 1 1324.62 220.13 ** 0.0001 
Radiation * soil moisture 2 115.52 9.60 ** 0.0021 
Error 15 90.26 
Total 23 
Aldehyde 
2211.98 
s 
Block 3 62.54 2.33 0.1154 
Radiation 2 229.81 12.86 ** 0.0006 
Soil moisture content 1 158.11 17.69 ** 0.0008 
Radiation * soil moisture 2 165.45 9.26 ** 0.0024 
Error 15 134.08 
Total 23 
Esters 
749.99 
Block 3 50.51 12.71 ** 0.0002 
Radiation 2 21.58 8.14 ** 0.0040 
Soil moisture content 1 2.10 1.58 0.2273 
Radiation * soil moisture 2 4.24 1.60 0.2343 
Error 15 19.88 
Total 23 
Unknown 
98.32 
Block 3 11.46 0,94 0.4453 
Radiation 2 20.76 2.56 0.1107 
Soil moisture content 1 315.38 77.70 ** 0.0001 
Radiation * soil moisture 2 31.73 3.91 0.0430 
Error 15 60.88 
Total 23 440.21 
Hydrocarbons 
Block 3 12.15 0.92 0.4543 
Radiation 2 47.03 5.35 * 0.0176 
Soil moisture content 1 896.70 203.99 ** 0.0001 
Radiation * soil moisture 2 46.22 5.26 * 0.0186 
Error 15 65.94 
Total 23 1068.05 
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Table 36. Analysis of variance of percentages of ^^C-bentazon 
uptake by velvetleaf 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.0015 0.72 0.4133 
Temperature 1 0.0031 1.49 0.2456 
Experiment * temperature 1 0.0170 8.18* 0.0144 
Error (a) 12 0.0249 
Soil moisture 1 0.0158 2.75 0.1197 
Temperature * soil moisture 1 0.0346 6.00* 0.0280 
Error (b) 14 0.0807 
Additives 2 0.2405 123.24** 0.0001 
Temperature * additives 2 0.1191 61.03** 0.0001 
Soil moisture * additives 2 0.0115 5.89** 0.0048 
Temp. * soil moist. * additives 2 0.0165 8.47** 0.0006 
Error (c) 56 0.0546 
Time 2 0.1939 70.11** 0.0001 
Temperature * time 2 0.0008 0.30 0.7392 
Soil moisture * time 2 0.0108 . 3.92* 0.0217 
Temp. * soil moisture * time 2 0.0122 4.42* 0.0135 
Additives * time 4 0.0155 2.81* 0.0271 
Temperature * additives * time 4 0.0089 1.61 0.1728 
Soil moisture * additives * time 4 0.0041 0.74 0.5631 
Temp. * soil m. * addit. * time 4 0.0310 5.60** 0.0003 
Error 168 0.2322 
Total 287 1.1294 
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Table 37. Analysis of variance of percentages of ^^C-fluazlfop-P 
uptake by giant foxtail 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.1273 28.29** 0.0002 
Temperature 1 2.3975 532.77** 0.0001 
Experiment * temperature 1 0.0504 11.19** 0.0058 
Error (a) 12 0.0540 
Soil moisture 1 1.7893 61.94** 0.0001 
Temperature * soil moisture 1 0.1861 6.44* 0.0237 
Error (b) 14 0.4044 
Additives 2 1.5956 182.64** 0.0001 
Temperature * additives 2 0.0756 8.66** 0.0005 
Soil moisture * additives 2 0.0432 4.95* 0.0105 
Temp. * soil moist. * additives 2 0.0872 9.99** 0.0002 
Error (c) 56 0.2446 
Time 2 2.3596 201.45** 0.0001 
Temperature * time 2 0.0119 1.02 0.3632 
Soil moisture * time 2 0.0223 1.91 0.1520 
Temp. * soil moisture * time 2 0.0218 1.86 0.1592 
Additives * time 4 0.0613 2.62* 0.0369 
Temperature * additives * time 4 0.0484 2.06 0.0876 
Soil moisture * additives * time 4 0.0010 0.04 0.9967 
Temp. * soil m. * addit. * time 4 0.0376 1.60 0.1756 
Error 168 0.9839 
Total 287 10.6031 
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Table 38. Analysis of variance of percentages of ^^C-acifluorfen 
uptake by velvetleaf 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.0302 4.17 0.0638 
Temperature 1 0.0015 0.20 0.6595 
Experiment * temperature 1 0.0036 0.49 0.4961 
Error (a) 12 0.0870 
Soil moisture 1 0.1082 26.37** 0.0002 
Temperature * soil moisture 1 0.0005 0.12 0.7357 
Error (b) 14 0.0574 
Additives 2 9.7329 821.23** 0.0001 
Temperature * additives 2 0.1945 16.41** 0.0001 
Soil moisture * additives 2 0.1990 16.79** 0.0001 
Temp. * soil moist. * additives 2 0.0010 0.09 0.9165 
Error (c) 56 0.3318 
Time 2 0.5891 69.68** 0.0001 
Temperature * time 2 0.0116 1.37 0.2572 
Soil moisture * time 2 0.0175 2.07 0.1300 
Temp. * soil moisture * time 2 0.0022 0.26 0.7692 
Additives * time 4 0.7297 43.15** 0.0001 
Temperature * additives * time 4 0.0194 1.15 0.3368 
Soil moisture * additives * time 4 0.1915 11.32** 0.0001 
Temp. * soil m. * addit. * time 4 0.0108 0.64 0.6367 
Error 168 0.7102 
Total 287 13.0295 
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Table 39. Analysis of variance of percentages of ^^C-bentazon 
uptake by velvetleaf 
Source of Degrees of 
Variability freedom 
Sum of 
squares F value P value 
Experiment 1 0.0010 1.15 0.2983 
Radiation 2 0.1849 110.01** 0.0001 
Experiment * radiation 2 0.0264 15.69** 0.0001 
Error (a) 18 0.0151 
Soil moisture 1 0.0332 18.72** 0.0003 
Radiation * soil moisture 2 0.0203 5.72* 0.0104 
Error (b) 21 0.0372 
Additives 2 0.2069 143.17** 0.0001 
Radiation * additives 4 0.0205 7.09** 0.0001 
Soil moisture * additives 2 0.0197 13.58** 0.0001 
Rad. * soil moist. * additives 4 0.0186 6.43** 0.0001 
Error (c) 84 0.0607 
Time 2 0.1419 131.16** 0.0001 
Radiation * time 4 0.0089 4.12** 0.0030 
Soil moisture * time 2 0.0068 6.31** 0.0021 
Radiation * soil moisture * time 4 0.0027 1.23 0.3006 
Additives * time 4 0.0301 13.93** 0.0001 
Radiation * additives * time 8 0.0038 0.87 0.5427 
Soil moisture * additives * time 4 0.0033 1.53 0.1927 
Radlat. * soil m. * addlt. * time 8 0.0100 2.30* 0.0215 
Error 252 0.1363 
Total 431 0.9880 
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Table 40. Analysis of variance of percentages of ^^C-acifluorfen 
uptake by velvetleaf 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.0558 8.25* 0.0101 
Radiation 2 0.0050 0.37 0.6949 
Experiment * radiation 2 0.0068 0.50 0.6124 
Error (a) 18 0.1217 
Soil moisture 1 0.0944 7.26* 0.0135 
Radiation * soil moisture 2 0.2606 10.03** 0.0009 
Error (b) 21 0.2727 
Additives 2 13.4580 661.64** 0.0001 
Radiation * additives 4 0.2236 5.50** 0.0006 
Soil moisture * additives 2 0.1026 5.04** 0.0085 
Rad. * soil moist. * additives 4 0.3701 9.10** 0.0001 
Error (c) 84 0.8543 
Time 2 0.9932 107.57** 0.0001 
Radiation * time 4 0.0200 1.08 0.3648 
Soil moisture * time 2 0.0032 0.36 0.6999 
Radiation * soil moisture * time 4 0.0484 2.62* 0.0355 
Additives * time 4 1.3229 71.64** 0.0001 
Radiation * additives * time 8 0.0879 2.38* 0.0173 
Soil moisture * additives * time 4 0.0293 1.59 0.1781 
Rad. * soil m. * addit. * time 8 0.1722 4.66** 0.0001 
Error 252 1.1634 
Total 431 19.6662 
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Table 41. Analysis of variance of percentages of ^^C-fluazlfop-P 
uptake by giant foxtail 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Experiment 1 0.1173 31.89** 0.0001 
Rradlatlon 2 0.3399 46.19** 0.0001 
Experiment * radiation 2 0.0491 6.67** 0.0068 
Error (a) 18 0.0662 
Soil moisture 1 0.1999 20.04** 0.0002 
Radiation * soil moisture 2 0.2191 10.98** 0.0005 
Error (b) 21 0.2095 
Additives 2 2.1851 311.01** 0.0001 
Radiation * additives 4 0.0573 4.08** 0.0046 
Soil moisture * additives 2 0.0838 11.93** 0.0001 
Rad. * soil moist. * additives 4 0.0804 5.72** 0.0004 
Error (c) 84 0.2951 
Time 2 2.1769 350.75** 0.0001 
Radiation * time 4 0.1014 8.17** 0.0001 
Soil moisture * time 2 0.0540 8.71** 0.0002 
Radiation * soil moisture * time 4 0.0342 2.76* 0.0285 
Additives * time 4 0.0147 1.18 0.3179 
Radiation * additives * time 8 0.0471 1.90 0.0610 
Soil moisture * additives * time 4 0.0044 0.35 0.8430 
Rad. * soil m. * addit. * time 8 0.0465 1.87 0.0648 
Error 252 0.7820 
Total 431 7.1638 
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Table 42. Analysis of variance of losses of ^^C-bentazon applied to 
glass slides 
Source of Degrees of Sum of 
Variability freedom squares F value F value 
Block 3 0.0003 0.84 0.5212 
Additive 2 0.0015 6.26* 0.0340 
Error (a) 6 0.0007 
Time 2 0.0079 49.91** 0.0001 
Additive * time 4 0.0014 4.33* 0.0126 
Error 18 0.0014 
Total 35 0.0132 
Table 43. Analysis of variance of losses of ^ C^-fluazlfop-F applied to 
glass slides 
Source of Degrees of Sum of 
Variability freedom squares F value F value 
Block 3 0.0003 1. 18 0.3918 
Additive 2 0.0035 25. 17** 0,0012 
Error (a) 6 0.0004 
Time 2 0.0149 84. 93** 0.0001 
Additive * time 4 0.0005 1. 55 0.2305 
Error 18 0.0016 
Total 35 0.0211 
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Table 44. Analysis of variance of losses of ^^C-aclfluorfen applied to 
glass slides 
Source of Degrees of Sum of 
Variability freedom squares F value P value 
Block 3 0.0005 0.78 0.5477 
Additive 2 0.0086 18.40** 0.0028 
Error (a) 6 0.0014 
Time 2 0.0065 16.15** 0.0001 
Additive * time 4 0.0008 0.96 0.4518 
Error 18 0.0036 
Total 35 0.0215 
